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Abstract 
Football is the most popular sport in the world and it is undergoing a process 
of implementing analytics in decision making. This quantitative study aims to 
identify a set of Technical Performance Indicators for players of 7 different 
positions and analyse the aggregate performance of the players of those 
positions. The positions used were: Goalkeeper, Full Back, Centre Back, 
Holding Midfielder, Attacking Midfielder, Wide Midfielder and Striker. 
To be able to conduct these analyses, the match data of the technical actions 
of the Portuguese Primeira Liga 2016/2017 season players were extracted from 
an online platform and an Access database was developed. 
The identification of the indicators was successfully achieved by a clustering 
analysis, which used the K-Means technique, and a quantile analysis. These 
studies revealed 16 Technical Performance Indicators that varied and had 
different values of relevance from position to position. 
 Afterwards, a Data Envelopment Analysis (DEA) model was used to 
compile the technical indicators and analyse the aggregated performance of the 
players using that composite indicator. This last study presented results, 
however, due to limitations related to the weight awarded to the outputs, they 
are not the most accurate.  
The present research study was based on the academic article from Hughes, 
et al. (2012), “Moneyball and soccer - an analysis of the key performance indicators of 
elite male soccer players by position” and it tried to prove analytically what was 
only empirically stated in literature before. 
 
Keywords: Football Analytics; Technical Performance Indicators; Performance 
Analysis 
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Resumo 
O Futebol é o desporto mais popular do mundo e está a no decurso de um 
processo de implementação do analytics na tomada de decisão. Este estudo 
quantitativo tem como objetivo identificar um conjunto de Indicadores de 
Performance Técnicos para os jogadores de 7 posições diferentes e analisar o 
valor da sua performance agregada. As posições usadas são: Guarda-redes, 
Defesa Lateral e Central, Médio Centro, Ofensivo, Ala e Avançados.  
De forma a realizar estas análises, os dados de jogo relativos às ações técnicas 
dos jogadores da temporada de 2016/2017 da Primeira Liga foram extraidos de 
uma plataforma online e, com eles, uma base de dados foi criada no Access. 
A identificação dos indicadores foi conseguida com sucesso através de uma 
análise de clustering, que utilizou a técnica de K-Means e uma análise de 
quantis. Estes estudos revelaram 16 Indicadores de Performance Técnicos que 
variavam e tinham diferentes relevâncias de posição para posição. 
Seguidamente, um modelo de Data Envelopment Analysis (DEA) foi usado 
para compilar os indicadores técnicos e analizar o valor de performance 
agregada de cada jolgador, usando esse indicador compósito. Este último 
estudo apresentou resultados, contudo, devido a limitações relacionadas com o 
peso atribuído aos outputs, estes não são os mais precisos. 
O presente estudo teve como base o artigo académico de Hughes, et al. 
(2012), “Moneyball and soccer - an analysis of the key performance indicators of elite 
male soccer players by position” e tentou provar analiticamente o que só tinha sido 
empiricamente referido na literatura anterior. 
 
  Palavras-chave: Analytics no Futebol; Indicadores de Performance Técnicos; 
Análise de Performance  
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Introduction 
“People (…) operate with beliefs and biases. To the extent you can eliminate both and 
replace them with data, you gain a clear advantage.” -  Michael Lewis, Moneyball: 
The Art of Winning an Unfair Game (2003). 
Analytical approaches to decision-making are being used nowadays in 
almost every industry, but the Sport's industry is one that could benefit greatly 
by undertaking these initiatives. This is due to many factors. Firstly, customers 
and team supporters are very analytical, which can be verified by their 
countless debates and statistical analyses. Secondly, a number of literature and 
movies has already awarded success to analytics in this field. Finally, the 
constant exchange of decision-makers (coaches and managers) between teams 
has led to a transmission of analytical processes (Davenport, 2014). 
One area where the analytics are already being implemented is the analysis 
of match performance. If sets of performance indicators were identified, teams, 
decision-makers and players could profit from the employment of this 
knowledge (Hughes et al., 2012). 
However, the use of analytics in sports is not without its challenges 
(Davenport, 2014). In fact, most of the performance indicators attributed to the 
players are empirically decided by each coach and, therefore, they vary from 
coach to coach (Hughes et al., 2012). 
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The present study aims to identify a set of Technical Performance Indicators 
and prove, through data analysis, the ones contemplated in Hughes, et al. 
(2012).  
To this effect, the initial defined research question is the following: 
 “Which are the Technical Key Performance Indicators for each position 
that can be identified through the use of analytical techniques?” 
This presents an interesting investigation for coaches, managers, scouts and 
even for the players. The positions considered were the same as the ones 
considered in the research paper previously mentioned. 
Initially, Europe was considered as the ideal geographical scope of the 
research. However, as there are differences between the playing styles and 
physical demands of the different European leagues, (Bloomfield, 2005), it was 
decided that the focus would be only on one league in Europe.  
Due to this investigation being done in Portugal, it was decided that it would 
be focused on the players and teams of the Portuguese first league. The data 
that will be used in this study is the technical performance data of Liga NOS 
players in the 2016/2017 season. The data were collected from the statistics 
website whoschored.com, which is powered by OPTA Sports. 
The study led to yet another question: 
“What was the value of the aggregated performance of the players of the 
various positions in the 2016/2017 Portuguese Primeira Liga edition?” 
This dissertation seeks to contribute to the growing literature on football 
analytics and performance measurements. 
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Chapter 1 
Methodology 
This chapter presents the methodological processes used in the development 
of this dissertation. 
For the purpose of analysing the existence of key performance indicators of 
football players by position, it was necessary to collect past information and 
analyse it in order to find possible knowledge from it. 
The methodology used in this thesis is the Cross-Industry Standard Process 
for Data Mining (CRISP-DM), which is a generic process model that can be 
specialized according to the industry or company needs (Shearer, 2000). 
The CRISP-DM methodology can be organized in six phases: business 
understanding, data understanding, data preparation, modelling, evaluation, 
and deployment (Shearer, 2000). 
 
Figure 1 - Phases of the CRISP-DM reference model (from Shearer, 2000) 
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The Business Understanding phase tries to comprehend, from a business 
perspective, the project objectives and it also tries to translate this knowledge 
into a data mining problem and develop a plan to accomplish the objectives. 
In Chapter 3, it will be possible to find a general overview of Football and of 
the Primeira Liga, completing this way the Business Understanding section. 
The Data Understanding stage is the phase where the initial data is collected 
and where the first contact with the data is made. In this phase, it is important 
to find data quality problems and some initial data insights.  
A Microsoft Visual Basic Applications code was constructed to extract from 
an online platform the season games data and, with the database management 
system Microsoft Office Access, a database was developed. In the fourth 
chapter, a more extensive explanation will be presented about the methods 
used for the gathering of the data and for the database construction. 
The Data Preparation phase contains all the events that lead to the dataset, 
over which our modelling will be done. The five data preparation steps are: 
Select data; Clean data; Construct data; Integrate data; Format data. 
In Chapter 5, the data table extracted from the database created beforehand, 
using R studio software, goes trough the Data Preparation steps and, after an 
analysis of the data, the dataset variables, as well as the results of the study in 
which this dissertation is based, are used to create a normalized modelling 
dataset. 
The Modelling stage consists on the selection, application and adjustment of 
the data mining techniques for the project. In this study, the data mining 
techniques used to identify the Technical Performance Indicators was an 
unsupervised clustering method – K-Means – and, in order to measure the 
performance of the players, a composite indicator was created through DEA. 
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An indicator is a measure obtained through an observation of a series of facts 
that identify relative positions in a certain area. This measure can be 
quantitative or qualitative and can be valuable in benchmarking or monitoring 
performance (OECD, 2008). 
K-Means is an unsupervised learning algorithm to solve clustering problems. 
The procedure classifies a given dataset through a certain number of clusters (k) 
fixed a priori. For each one of the k clusters, it defines a centroid. Then, it takes 
every point of the dataset and associates it to the nearest centroid. After the 
creation of an early group, it is necessary to re-calculate each new centroid as 
the center of the clusters and do a new binding between the new centroids and 
the data points. A loop has been generated and the k centroids change their 
location until no more changes are done. Finally, this algorithm aims at 
minimizing the sum of the squared error function since the Euclidian distance is 
used as the proximity measure. The K-Means algorithm does not necessarily 
come up with the optimum configuration and it is very sensitive to the 
randomly selected initial centers, (Velmurugan and Santhanam, 2010). 
When independent indicators are compiled, a composite indicator is formed. 
Ideally, the composite indicator should capture multidimensional concepts 
which cannot be measured by a unique indicator. Some of the advantages of 
using composite indicators are that they summarise complex and multi-
dimensional realities, are easier to understand and describe than a large 
number of separate indicators and reduce the number of indicators without 
dropping the underlying information base.  They also have some disadvantages 
as they can lead to oversimplified conclusions or even provide misleading 
information when poorly developed or misinterpreted. Also, there can be a 
dispute over the selection and weight of the indicators (OECD, 2008). 
Data Envelopment Analysis (DEA) is a non-parametric technique of 
performance evaluation of many activities. Through a ratio of the weighted 
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sum of outputs to the weighted sum of inputs, the DEA assesses the relative 
efficiency of a set of similar decision-making units (DMUs). Overall, the DEA 
maximizes the efficiency of a certain DMU in relation to the remaining DMUs 
by determining a set of weights (Cooper et al., 2000). 
The DEA model used was the BCC model, named after Banker, Charnes, and 
Cooper (Banker et al., 1984), also known as VRS (Variable Returns to Scale). 
This model has its frontier spanned by the convex hull of the present DMUs 
(Banker et al., 1984).  
In the sixth chapter, accompanied by a study of the values that represent the 
highest tenth percentil of the data (90%-100%), the last quartile and top half of 
the population of our modelling dataset, it will be possible to find the results of 
the K-means clustering analysis, performed with the R Studio Software.  
Also, in this chapter, the DEA aggregated performance measures will be 
computed using the Efficiency Measurement System (EMS) software, and an 
analysis of the results will be presented.  
Equation 1 - DEA output oriented model (with VRS) (Banker et al., 1984) 
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The model used was output-oriented (Equation 1), which holds the inputs 
constant and quantifies the output growth required (Scheel, 2000). The 
computation of Data Envelopment Analysis aggregated performance measures 
was performed with a radial approach, also known as the Debreu-Farrell-
measure, which illustrates the improvements needed when all the relevant 
factors are improved in the same proportion by a certain factor (Farrell, 1957; 
Scheel, 2000). 
Equation 2 - Debreu-Farrell-measure output oriented (Scheel, 2000) 
 
The Evaluation stage is an important phase as it is the moment where the 
models’ results are reviewed to understand if the business objectives were 
achieved and, in the case that some issue has not been totally considered, what 
the following steps are. This will be introduced, also, in the sixth chapter. 
The knowledge gained with the previous stages should then be implemented 
on the organization’s decision-making process in the deployment stage. 
However, as this is an academic study, there will not be a deployment stage. 
  32 
  33 
 
 
 
Chapter 2 
Literature Review 
1. Data and Analytics in Sports 
According to Cambridge Dictionary Online, data is “information, especially 
facts or numbers, collected to be examined and considered and used to help 
decision-making, or information in an electronic form that can be stored and 
used by a computer”.  
Similarly, the Merriam-Webster Online defines data as: 
1. factual information (such as measurements or statistics) used as a 
basis for reasoning, discussion, or calculation 
2. information output by a sensing device or organ that includes both 
useful and irrelevant or redundant information and must be processed 
to be meaningful 
3. information in numerical form that can be digitally transmitted or 
processed 
Nowadays it is possible to hear about data and about its value in every major 
industry because data can be used to create competitive advantages, innovate 
and grow, (OECD, 2013). Cukier (2010) proposed that, managed well, the data 
can be used to unlock new sources of economic value and provide fresh 
insights into science. He also went forward and claimed that data are becoming 
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the new raw material of business: an economic input almost equivalent to 
capital or labour (Cuckier, 2010). 
This discourse, focused on predictive analytics and structured data, almost 
always characterizes the Big Data, which is highly influenced by the marketing 
efforts of large software and hardware developers. However, it is difficult to 
define Big Data as its definitions have evolved rapidly, (Gandomi & Haider, 
2015).  
Laney (2001) said that the dimensions of the challenges of data management 
are Volume, Variety and Velocity. These dimensions, commonly known as the 
Three V’s, are the common framework to describe the big data (Russom, 2011; 
Gandomi & Haider, 2015). 
 
Figure 2 - The 3Vs of Big Data (from Russom, 2011) 
Variety is a significant characteristic of big data, Cuckier (2010) suggested 
that only 5% of the data that is created is “structured”. Video, images, text, and 
audio are examples of unstructured data, which sometimes cannot be analysed 
by machines as they lack structural organization (Gandomi & Haider, 2015). 
Gandomi & Haider (2015) proposed that Velocity refers to the rate at which 
data are produced and the speed at which it should be acted upon and 
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analysed. Organisations are collecting more data than ever, as they are able to 
process information flows in real time, (Cuckier, 2010). 
Davenport (2006) suggested that organizations today are competing on 
analytics not only because it is possible, but because they should. At a time 
where business processes are among the last remaining points of 
differentiation, analytics wring every drop of value from them. 
The potential value of big data is only achieved when used to drive decision 
making. For that, organizations require efficient processes to transform varied 
and fast-moving data into meaningful insights (Gandomi & Haider, 2015). 
Also, in sports, according to Davenport (2014) the use of analytics can 
contribute to the success inside the field. The recent success of teams that are 
considered highly analytical – such as the Boston Red Sox and the San Francisco 
Giants (baseball, MLB), the New England Patriots and the San Francisco 49ers 
(American football, NFL), the Dallas Mavericks and San Antonio Spurs 
(basketball, NBA) – suggests a key role of analytical capability in winning. 
Davenport (2006) even suggests that in sports the real secret weapon is not 
steroids but stats. 
Areas of business where it is possible to find the application of analytics in 
sports are in ticket pricing, fan loyalty analysis, promotion, social media and 
fan engagement (Davenport, 2014). 
Another major area of sports analytics is the use of data and analytics to 
enhance team and player performance. However, even existing little doubt that 
data and analytics will play a role in every sport in the future, there are still 
many obstacles in this context, as there are still many coaches, general 
managers and owners that are not comfortable with the use of analytics in their 
sport and team (Davenport, 2014). 
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2. Analytics and Match Analytics in Football 
Association football, also known as soccer, is present in diverse societies in 
every continent and so it has been the most popular sport in the world since at 
least the late nineteenth century (Giulianotti & Robertson, 2004).  
Football is a team sport played between two teams of eleven players with the 
intent of winning by kicking a ball into the other team’s goal. The possible 
outcomes in football are win, loss and draw. 
Nunes and Sousa (2006) tried, through Data Mining techniques, to classify 
matches according to their results based on the available history and to find 
non-trivial knowledge and confirm several known patterns. The findings did 
not confirm the hypotheses, however, they confirmed several well-known 
patterns in football like “Matches that start between 15:30 and 16:30 are on 
Sundays” or “Matches that are not transmitted on TV are on Sundays”. 
Players in football have distinct roles, which require different sets of skills. 
These roles can be goalkeeper, defender, midfielder and attacker, these last 
three groups can be disaggregated in sub-groups (McHale, Scarf & Folker 2012). 
Defenders, for example, can be divided between full backs and centre backs. 
Depending on the coach strategy and the configuration of the opponents, a 
team might decide who to play or not to play at each position (McHale et al., 
2012). 
The first link between theory and football practice was created in 1987, at the 
First World Congress of Science and Football (Reilly, et al., 1988). Pollard, Reep 
and Hartley (1988) proposed that the nature of the game of football obstructed 
objective match performance analysis. However, due to recent advancements in 
technology data collection in elite football, it is now a much easier task (Carling, 
et al., 2008). 
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According to Reilly and Gilbourne (2003), in Football, Match Analysis is the 
most popular subject of research followed by Medicine and Environment 
Aspects. There have also been some Physiological and Psychological studies 
and investigations on Management and Coaching. 
Match analysis has taken a role in sports games as it can help to comprehend 
and promote sporting success (Carling, Reilly & Williams, 2009). Like in other 
sports over the years, there has been a growing interest in match analysis of 
football (Di Salvo, et al. 2007). 
Mach analysis is the unbiased recording and study of the behavioural events 
that befall during the match. It can be fixated in the actions of a player or the 
integration of the players movements and actions around the ball (Carling, 
Reilly & Williams,2005). 
Performance in Match analysis is said to depend upon four components. 
These aspects are behavioural, physical, tactical and technical factors (Stølen, et 
al., 2005). 
2.1. Psychological Performance 
Orlick and Partington (1988), through a two-stage study involving an 
interview and a questionnaire, surveyed 235 Canadian Olympians who 
participated in the 1984 Olympic Games in Sarajevo or Los Angeles, 
demonstrated that there are statistically strong links between sport performance 
outcome and psychological characteristics. 
Also, in football there have been some studies investigating psychological 
factors in the players’ performance. Reilly and Walsh (1981) investigated 
stresses on 5-a-side football players during approximately 92 hours. Every 4 
hours psychological and physiological variables – subjective fatigue, state 
anxiety, grip strength, heart rate, activity, urine protein concentration and 
liquid intake – were monitored. The study found that there was an increase in 
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the group mean anxiety values between days as the exercise was prolonged. 
Also, during the final two nights, behavioural abnormalities were found in 
chronically sleep deprived subjects. 
Salmon, Hall & Haslam (1994) used an Imagery Use Questionnaire for Soccer 
Players (IUQ-SP) to investigate the motivational and cognitive use of imagery 
(mental rehearsal of the sport action with the use of the 5 human senses: vision, 
audition, gustation, olfaction and somatosensation) by soccer players of various 
skill levels. 362 players at the national, provincial and local levels completed the 
questionnaire that reported that, in general, national level players employed 
more imagery than lower level players. 
Holt & Dunn (2004), in order to present a theory of the psychosocial 
competencies linked with football success, studied 34 elite male adolescent 
soccer players and 6 professional coaches. From the data, Discipline, 
Commitment, Resilience and Social Support were the major psychosocial 
competencies that appear to be central to success in elite youth football players. 
Thelwell, Greenlees and Weston (2010) examined the effects of relaxation, 
imagery and self-talk in midfielder-specific performance. Five players had three 
performance subcomponents assessed across nine competitive matches. The 
results of the study showed that position-specific intervention allows 
improvement in the three variables. 
2.2 Physical Performance 
In football, there has been a substantial number of studies to assess the 
physical performance of the players (Rampinini, et al., 2007). 
Reilly, Bangsbo and Franks (2000) studied the anthropometric and 
physiological characteristics of football players and concluded that the 
positional role of a player is related to his physiological capacity. 
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Bloomfield, et al. (2005) investigated the differences in age, stature, body 
mass and BMI of the 2001/2002 season players in the English Premier League, 
the Spanish La Liga, the Italian Serie A and the German Bundesliga. 2085 
professional players’ physical characteristics were studied revealing differences 
that suggest variances in playing style and physical demands between the four 
different leagues. 
Rampinini, et al. (2007) examined the construct validity of some field tests as 
indicators of match-related physical performance. Eighteen professional 
football players completed an incremental running field test to exhaustion, a 
vertical-jump and a repeated-sprint ability (RSA) test. The match physical 
performance measures were: total distance covered, high intensity running 
(velocity over 14.4 km/h), very high intensity running (velocity over 14.4 km/h 
19.8 km/h), sprinting (velocity over 25.2 km/h) and top running speed. This 
study gives empirical support to the construct validity of RSA and incremental 
running tests as measures of match-related physical performance in top-level 
professional soccer players. 
Bloomfield, Polman and O'Donoghue (2007) assessed the physical demands 
for three distinct positions – defenders, midfielders and strikers – of the English 
Premier League. The study offers an indication of the diverse physical demands 
of the positions as a Computerised time-motion video-analysis using the 
Bloomfield Movement Classification was undertaken on the purposeful 
movement (PM) performed by 55 players. The authors concluded that the %PM 
time spent performing each motion class except walking and jogging was 
influenced by the position and that players spent approximately 40% of the 
match performing PM. With that being said, there would be benefits if each 
position had a specific conditioning program. 
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2.3 Tactical Performance 
Yamanaka, Liang and Hughes (1997) performed a computerised notational 
analysis of 8 Asian Qualifying matches for the 1994 World Cup with the aim of 
analysing the playing patterns of the national teams of Japan, Saudi Arabia, 
Iran, North Korea, South Korea and Iraq, with a special emphasis in the 
Japanese national team. The study exhibited that Japan used more passes, used 
clearing kicks more often and preferred dribbling as a tactic. 
Taylor, et al. (2010) inspected the effects upon tactics-related performance 
indicators of professional football teams, of match location, match status and 
competitive season. Using a behavioural measurement package, they looked for 
and recorded relevant tactical knowledge from 47 matches sampled from two 
consecutive seasons. The study showed that the occurrence of passes and the 
distribution of the passes across the pitch surface was influenced by match 
location, match status and the competitive season 
Sampaio and Maçãs (2012) tried to understand how the dynamic positional 
data of football players could be used to evaluate tactical behaviour. By 
measuring movement patterns and inter-player coordination data captured 
with 5 Hz GPS devices, and then analysing it with non-linear signal processing 
methods, the authors concluded that it seems possible to measure tactical 
behaviour in football 5 a side games by using dynamic positional data. 
Memmert, Lemmink and Sampaio (2016) gave an overview of the current 
state of development of the analysis of position data in soccer. The position data 
of Bayern Munich against FC Barcelona (11 versus 11 game) presented three 
different promising approaches from the viewpoint of dynamic systems and 
neural networks. The authors presented various kinds of computer science 
approaches that allow the collection and analysis of new parameters such as: 
inter-player coordination, inter-team coordination before critical events, team-
team interaction and compactness coefficients. 
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2.4 Technical Performance 
Partridge, Mosher, Franks (1993) in order to undertake a comprehensive 
technical evaluation of performance, developed a specialised computer analysis 
system. A trained analyst analysed the 1990 FIFA World Cup and the 1990 
World Collegiate Soccer Championships using 38 key events entered in real 
time. The study concluded that academic coaches have to be selective when 
choosing the players for a World Cup team. 
Van Lingen (1997) proposed that the technical tasks and functions of each 
position differ according to the team’s possession of the ball and gave the 
technical requirements that are presented int Table 1. 
Table 1 - Individual Tasks of Positions (from Van Lingen, 1997) 
 Position Technical Requirements 
Individual tasks when in 
possession of the ball 
Goalkeeper Positive distribution, communication 
Sweeper Circulate ball, switch play, play forward 
Central Defender Support build up play 
Wingers Good cross delivery, Score goals 
Midfield (Defensive) Don’t run with ball too much, switch play 
Midfield (Offensive) Add support. Get into scoring positions 
Striker Score goals, receive long balls 
Individual tasks when not 
in possession of the ball 
Goalkeeper Prevent goals, organise defence, be aware 
Sweeper Give cover, close down space 
Central Defender Mark players, controlled defending 
Wingers Cut out crosses, tuck in to mark 
Midfield (Defensive) Control play, mark a player 
Midfield (Offensive) Support, defensive thinking 
Striker Keep opponents in front of you 
 
Wiemeyer (2003), to establish positional technical demands for each position, 
interviewed 14 coaches across varying participation levels. There was only one 
position for which all coaches agreed on the exact functions. However, they also 
agreed on many features across the seven positions as presented in Table 2. 
Table 2 - Technical Requirements of Positions (from Wiemeyer, 2003) 
Position Technical Requirements 
Goalkeeper Positional play, reaction times, calmness 
Sweeper Control of ball, organisational skills, defensive play 
Central Defender Defensive play, heading capabilities 
Wingers Physical conditioning, 1 to 1 play 
Midfield (Defensive) Defensive play, running, passing 
Midfield (Offensive) Technical skills, passing, creativity, shooting 
Striker Velocity, 1 to 1 play, shooting 
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Hughes, et al. (2012) aimed to use the unique opportunity of 15 performance 
analysts and 51 sports science students coming together to discuss and define 
sets of performance indicators for each position in soccer. In the Intensive 
Program in Performance Analysis of Sport, 7 sets of KPI’S were defined for each 
of the 5 category sets: Physiological, Tactical, Technical (Defending), Technical 
(Attacking), and Psychological. The KPI’s varied from position to position, 
especially for the Goalkeeper position. The KPI’s for the other positions were 
similar, differing only in their order of importance. This study will be detailed 
further in the next chapters since this thesis is based on it. 
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Chapter 3 
Business Understanding 
1. Business Objectives 
Nowadays, a substantial number of sectors have decided to implement 
analytical approaches in the decision-making process. In the sports sector, there 
has also been some progress in analytics. However, this has come with some 
challenges as, even when there is an availability of data and analytical tools, the 
traditional culture surpasses the analytical. 
One way to enhance a football team’s performance would be to acquire the 
best talents and select the best line-ups for each game and this is one of the 
areas where analytics can be useful. If a set of key performance indicators were 
to be defined and proven, it could help football professionals in various areas.  
By using this set of performance indicators, Managers and Scouts would be 
able to better identify talented players that could be of assistance to the team 
objectives if acquired. They would also be able to identify the squad players 
that are not aligned with the team season and future season strategies.  
Through gaining a better understanding of theirs and the other team’s 
players and tactics, Coaches, whose job is to train and prepare the upcoming 
games, could better prepare the training sessions, tactical movements and could 
select the best team squad for each game. 
  44 
Also, players could gain from data analysis since they could better prepare 
for their direct field adversary, for example, in penalty situations goalkeepers 
can predict the most likely side to which the attacking player is going to shoot 
by analysing previous shootouts. They could also benchmark players of the 
same positions and understand the areas in which they should improve. 
2. Assessing the Situation 
2.1. Available Data and Resources 
To identify technical performance indicators, there was a need for the 
technical player data collected during season games. Football data, due to its 
value, is very expensive and, therefore, not easily accessed. Although, there are 
many websites that provide some statistical information about the players, the 
games and the leagues, technical data was only found in the whoscored.com 
online platform.  
The website whoscored.com provides data for 16 premier leagues, being one 
of those the Portuguese Liga NOS. For this project, the statistics that will be 
used are the detailed player statistics of 2016/2017 season of Liga NOS.  
The platform only presents players whose total appearances are greater than 
the average number of appearances in Primeira Liga, which is one appearance. 
In the website, the stats of the players are divided in 16 categories with 4 of 
these categories having subcategories as presented in Table 3 
This gives a total of 23 tables with information regarding the 547 players that 
played in one of the Liga NOS eighteen teams. The data available in the 
platform is not downloadable but only available for preview and analysis 
online, so, in order to extract this information, a Microsoft Visual Basic for 
Applications Program was developed. 
  45 
Table 3 - Categories and Subcategories in whoscored.com Primeira Liga Player Statistics table 
Tackles 
Interception 
Fouls 
Cards 
Offsides 
Clearances 
Blocks 
Saves 
Shots 
Zones 
Situations 
Accuracy 
Body Parts 
Goals 
Zones 
Situations 
Body Parts 
Dribbles 
Possession Lost 
Aerial 
Passes 
Length 
Type 
Key Passes 
Length 
Type 
Assists 
 
The data were collected in the format of the total number of times a player 
performed an action during the season and, with assistance of Microsoft 
programs Excel and Access, a database was created. 
Using the software R Studio and the structural data stored in the Access 
database, analysis of the data and the clusters were produced. 
2.2. Primeira Liga 
The Portuguese premier league, also known as Liga NOS or Primeira Liga, is 
the main football competition for Portuguese clubs in Portugal. The Portuguese 
competition, that in the end of the 2016/2017 season occupied the 7th place of 
UEFA’s League Ranking (see Table 4), is contested by eighteen teams with the 
relegation of the two clubs that finish last in the end of the season. 
Table 4 - UEFA Rankings for Club Competitions 2016/2017 (from uefa.com) 
Ranking Country  Ranking Country 
1 Spain  5 France 
2 England  6 Russia 
3 Italy  7 Portugal 
4 Germany    
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With the values of rigor, talent, professionalism and aggregation, the league 
that was founded in 1934 has only seen five champion teams. The champion 
teams over the years were Sport Lisboa e Benfica with 36 titles, Futebol Clube 
do Porto with 27 titles, Sporting Clube de Portugal with 18 titles, Boavista 
Futebol Clube and the Os Belenenses - Sociedade Desportiva de Futebol both 
with one title each. The champion teams of the Portuguese premier league are 
shown in Tables 5, 6 and 7, being between brackets the number of consecutive 
seasons a team has won the competition. 
Table 5 - Champions Campeonato da I Liga Experimental (from zerozero.pt) 
CAMPEONATO DA I LIGA EXPERIMENTAL 
1934–35 Porto  1935–38 Benfica (3 Seasons) 
 
Table 6 - Champions Campeonato Nacional da I Divisão (from zerozero.pt) 
CAMPEONATO NACIONAL DA I DIVISÃO 
1938–40 Porto (2 Seasons)  1969–70 Sporting 
1940–41 Sporting   1970–73 Benfica (3 Seasons) 
1941–43 Benfica (2 Seasons)  1973–74 Sporting 
1943–44 Sporting  1974–77 Benfica (3 Seasons) 
1944–45 Benfica  1977–79 Porto (2 Seasons) 
1945–46 Belenenses  1979–80 Sporting 
1946–49 Sporting (3 Seasons)  1980–81 Benfica 
1949–50 Benfica  1981–82 Sporting 
1950–54 Sporting (4 Seasons)  1982–84 Benfica (2 Seasons) 
1954–55 Benfica  1984–86 Porto (2 Seasons) 
1955–56 Porto  1986–87 Benfica 
1956–57 Benfica  1987–88 Porto 
1957–58 Sporting  1988–89 Benfica 
1958–59 Porto  1989–90 Porto 
1959–61 Benfica (2 Seasons)  1990–91 Benfica 
1961–62 Sporting  1991–93 Porto (2 Seasons) 
1962–65 Benfica (3 Seasons)  1993–94 Benfica 
1965–66 Sporting  1994–99 Porto (5 Seasons) 
1966–69 Benfica (3 Seasons)    
 
Table 7 - Champions Primeira Liga (from zerozero.pt) 
PRIMEIRA LIGA 
1999–2000 Sporting  2005–09 Porto (4 Seasons) 
2000–01 Boavista  2009–10 Benfica 
2001–02 Sporting  2010–13 Porto (3 Seasons) 
2002–04 Porto (2 Seasons)  2013–17 Benfica (4 Seasons) 
2004–05 Benfica    
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The Primeira Liga was previously called Campeonato da I Liga Experimental 
while it was just an experimental league and was named Campeonato Nacional 
da I Divisão from 1938 (when the league was officialized) until 1999, year in 
which it received the name Primeira Liga. 
Normally, teams that play in the Portuguese premier league have one of 
following objectives: be champion, fight for an European competition spot, be 
in the middle of the table and avoid relegation. The “big three” which is formed 
by Porto, Sporting and Benfica typically fight for the first place of the table. 
2.2.1. 2016/2017 Season 
In the 2016/2017 season, 306 games were disputed between the 18 teams that 
contested the Portuguese championship. From these, 136 games were won by 
the home team (44%), 90 by the visiting team (29%) and the remaining 80 were 
draws between the two playing teams (26%). 
The teams that disputed the 2016/2017 season and their classification is 
presented in Table 8. 
Table 8 - 2016/2017 final league table (from zerozero.pt) 
 Team Points Number of Games Wins Draws Losses 
1 Benfica 82 34 25 7 2 
2 Porto 76 34 22 10 2 
3 Sporting 70 34 21 7 6 
4 Guimarães 62 34 18 8 8 
5 Braga 54 34 15 9 10 
6 Marítimo 50 34 13 11 10 
7 Rio Ave 49 34 14 7 13 
8 Feirense 48 34 14 6 14 
9 Boavista 43 34 10 13 11 
10 Estoril 38 34 10 8 16 
11 Chaves 38 34 8 14 12 
12 Setúbal 38 34 10 8 16 
13 Paços de Ferreira 36 34 8 12 14 
14 Belenenses 36 34 9 9 16 
15 Moreirense 33 34 8 9 17 
16 Tondela 32 34 8 8 18 
17 Arouca 32 34 9 5 20 
18 Nacional 21 34 4 9 21 
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The Primeira Liga classification criteria awards the winning team of a game 3 
points, 0 points to the losing team and, in case of a draw, 1 point to each team.  
During the season, 728 goals were scored with a mean of 2,36 goals per 
game. However, the most common result – 38 games – was a draw in which 
both teams scored one goal each. 
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Chapter 4 
Data Collection and Description 
1. Data Collection and Database Development 
A VBA program was developed in order to extract and collect the players 
technical data from the web platform. This program was built to automatically 
open the Internet Explorer browser in the 2016/2017 Primeira Liga Player 
Statistics webpage. 
The Primeira Liga Player Statistics webpage has a main table formed by 5 
tabs: a summary tab, a defensive tab, an offensive tab, a passing tab and a 
detailed tab. This last one has the relevant information to this study, therefore, 
the program’s next step is to switch from the default summary tab to the 
detailed one. 
As there are 23 tables with different information for the same players, 23 
versions of this program were built with different category values. Once the 
detailed tab is selected, the program sets the category dropdown to one of the 
16 main categories, and, in case of it being one of the 4 categories that has 
subcategories, it then sets the subcategory according to the version of the 
program. 
This can be visualized in Figure 3. 
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Figure 3 – whoscrod.com online platform 
Afterwards, it changes the accumulation dropdown to total because the 
information required to the study should be represented in the total number of 
times a player performed a certain action during the season. 
The program doesn’t change any other dropdown as the default values of 
those dropdowns are the same as the ones desired. After the selection of 
dropdowns and tabs, the program starts to extract the content of each page of 
the table to the excel spreadsheet. The aforementioned table has 10 rows per 
page, which requires the program to change page after collecting each of these 
10 observations. 
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For each version of the program, the entire process took approximately 30 
minutes. Even though this application fulfilled its purpose, sometimes there 
was the need to restart it as some of the dropdowns failed to be selected. 
The information from each row of the table was extracted to an Excel Cell. 
Afterwards, it was necessary to treat and clean the data in order to separate the 
players’ values into their respective columns as presented on the website. In the 
end, 23 tables were created, all of which are in the same Excel file under 
different Sheets. In the same file, 5 main tables were created, one for the 
players’ personal data, one for the players’ position, one for the teams, one for 
the competitions and one for the season. Also, two other tables were 
constructed with the season data information and the total number of goals and 
own goals for each player. 
The first step in the development of a relational database with Microsoft 
Access was to export, from the Excel file, the 5 main tables. Each table has one 
column, whose data type is long integer number and it is indexed without 
duplication, except for the table Positions whose data type is byte. The reason 
for the type being byte is because even if other seasons, players, teams and 
competitions are added to the database the positions defined by the study are 
only seven.  
The aforementioned columns are primary keys and every other column of 
the 5 tables has short text as data type. All the other tables have the 5 foreign 
keys that are indexed, allowing duplication and columns with the type integer 
number with the season information. The relationships are “one to many” 
between every main table and the other tables keeping the referential integrity. 
The relationship map is presented in Figure 4 and it is also displayed in 
Appendix 1 in a larger size. 
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Figure 4 - Database Relationship Map 
With the objective of creating a dataset that will posteriorly be studied in R 
Studio, 25 queries were constructed. All the information of the dataset was 
collected in that Excel file and then saved in a CSV format. 
2. Data Description, Exploration and Veracity 
The constructed dataset has a size of 547 objects, each one representing the 
season information of the players during the 2016/2017 season. The dataset 
dimensionality is 93 attributes (see Table 9), being the first variable nominal as 
it is the ID column. 
The next 6 fields are not representative of the players’ technical performance, 
but of their personal data and amount of time and games played.  
The second column of the data table contains the players’ names, so the 
information is nominal. The next two variables of the dataset are also nominal 
and give information about the records’ team and position respectively.  
As it was previously mentioned, there were 18 teams in Primeira Liga 
2016/2017 season and, for this study, the players are distributed into 7 positions. 
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Table 9 - Dataset Attributes 
1 ID_Player 32 Goals_Head 63 Passes_AccCross 
2 Player_Name 33 Goals_OpenPlay 64 Passes_InaccCorner 
3 Positions 34 Goals_Penalty 65 Passes_AccCorner 
4 Team_ShortName 35 Goals_SetPiece 66 Passes_TotalFreekicks 
5 Player_Age 36 Goals_Counter 67 Passes_TotalCross 
6 Player_Minutes 37 Goals_Total 68 Passes_TotalCorner 
7 Player_TotalGames 38 Goals_OwnTeam 69 PossessionLost_Dispossessed 
8 Aerials_Won 39 Goals_SixYardBox 70 PossessionLost_UnsuccessfulTouches 
9 Aerials_Lost 40 Goals_PenaltyArea 71 Saves_SixYardBox 
10 Aerial_Challenges 41 Goals_OutOfBox 72 Saves_PenaltyArea 
11 Assists_Total 42 Interceptions_Total 73 Saves_OutOfBox 
12 Assists_Throwin 43 KeyPasses_Short 74 Saves_Total 
13 Assists_Throughball 44 KeyPasses_Long 75 Shots_OnTarget 
14 Assists_Other 45 KeyPasses_Total 76 Shots_OffTarget 
15 Assists_Freekicks 46 KeyPasses_Throwin 77 Shots_Blocked 
16 Assists_Crosses 47 KeyPasses_Throughball 78 Shots_Total 
17 Assists_Corners 48 KeyPasses_Other 79 Shots_RightFoot 
18 Blocks_Shots 49 KeyPasses_Freekick 80 Shots_LeftFoot 
19 Blocks_Passes 50 KeyPasses_Cross 81 Shots_Feet 
20 Blocks_Crosses 51 KeyPasses_Corner 82 Shots_Other 
21 Cards_Yellow 52 Offsides_Total 83 Shots_Head 
22 Cards_Red 53 Passes_InaccShort 84 Shots_OpenPlay 
23 Clearances_Total 54 Passes_InaccLong 85 Shots_Counter 
24 Dribbles_Unsuccessful 55 Passes_AccShort 86 Shots_SetPieces 
25 Dribbles_Successful 56 Passes_AccLong 87 Shots_Penalty 
26 Dribbles_Total 57 Passes_Short 88 Shots_SixYardBox 
27 Fouls_Suffered 58 Passes_Long 89 Shots_PenaltyArea 
28 Fouls_Made 59 Passes_Total 90 Shots_OutOfBox 
29 Goals_RightFoot 60 Passes_InaccFreekicks 91 Tackles_Successful 
30 Goals_Other 61 Passes_AccFreekicks 92 Tackles_DribbledPast 
31 Goals_LeftFoot 62 Passes_InaccCross 93 Tackles_Total 
 
The positions are Goalkeeper, Centre Back, Full Back, Holding Midfielder, 
Attacking Midfielder, Wide Midfielder and Striker and the field area they 
normally occupy during a game can be seen in the following images: 
 
Figure 5 - Goalkeeper field 
area 
 
Figure 6 - Centre Back field 
area 
 
Figure 7 - Full Back field area 
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Figure 8 - Holding Midfielder 
field area 
 
Figure 9 - Attacking 
Midfielder field area 
 
Figure 10 - Wide Midfielder 
field area 
   
 
Figure 11 - Striker field area 
The next feature represents the players’ age, so it is a discrete variable. The 
following 2 fields are continuous and give, respectively, information about the 
number of minutes and games played. 
All the other attributes in the dataset are continuous as they represent the 
amount of times a player performed a technical action during the full season.  
The eighth, ninth and tenth columns are related to the aerial duels. An aerial 
happens when a player disputes a ball out of the air. The eighth field represents 
the number of aerials a player won, and the following variables represent the 
number of aerial duels lost and the total of aerial challenges a player fought for. 
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The next seven characteristics give information about the assists. An assist is 
a technical action (e.g. a cross, a through pass) accomplished by a player that 
leads to the scoring of a goal by a teammate. The first assist variable in the data 
table indicates the total season assists. The subsequent variables are the number 
of assists from throw in, the number of assists from a through ball, the number 
of cross assists, the number of freekick passes that led to a player scoring a goal, 
the corner assists and assists that can’t be classified under the previous 
categories. It is important to mention that some assists are discriminated under 
two variables as, for example, an assist that comes from a corner situation can 
be a cross assist. 
The succeeding three variables in the data table give information about the 
number of blocked shots, passes and crosses performed by the players. A block 
is, as the name indicates, when a player blocks a technical action of an 
adversary player. 
The number of yellow and red cards awarded to the players during the 
season are the next variables represented in the dataset.  
The following feature is the total number of clearances performed. A 
clearance is the action of kicking or hitting the ball away from the own teams’ 
goal. 
A dribble is the manoeuvre of the ball in a certain direction evading the 
interception attempts of the defenders. There are three dribble columns in the 
dataset, one for successful movements, one for unsuccessful ones and one with 
the total number of dribbles attempted. The two following columns are related 
to number of fouls suffered and committed. 
There are 13 features related to the action of scoring a goal. Four of these give 
information of the number of goals a player scored with a certain body part. 
The body parts represented are right foot, left foot, head and other not specified 
body part. The subsequent four are related to the situation that led to the goal. 
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These are goals scored in open play, from a penalty, from a set pieces situation 
or from a counter attack. The thirty-seventh and thirty-eighth variables supply 
information about the number of goals scored in the opponents’ net and the 
number of own goals. The last three are related to the place in the pitch from 
where the player scored the goal, which can be in the six-yard box, in the 
penalty area or from outside of the box. 
 
Figure 12 - Six-yard box 
 
Figure 13 - Penalty Area 
 
Figure 14 -Outside of the box 
The subsequent attribute is the total number of interceptions performed by 
the players. An interception happens when a player, by moving into the line of 
the intended ball, intercepts a pass. 
A key pass is the final pass that leads to the attempt at goal without scoring. 
The 9 columns that describe this action are: number of short key passes, number 
of long key passes, total number of key passes, number of key passes from 
throw in, through ball, cross, freekick, corner and other types of key passes. 
The fifty-second characteristic is the number of times a player was caught 
offside, which happens when a player can be found closer to his adversaries' 
goal than both the ball and the second last opponent. 
From the fifty-third to the sixty-eighth variable, different information is 
presented about the passing action. The number of inaccurate short and long 
passes, the number of accurate short and long passes and the number of short, 
long and the total number of passes are presented in the dataset, where it also 
shows the inaccurate and accurate number of passes from freekicks, corners 
and crosses. 
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There are two ways to lose possession of the ball, one is being dispossessed 
by a player of the opposite team (attribute 69) and the other is by not receiving 
the ball well (attribute 70). 
The following four variables are related to the action of preventing the ball 
from entering the goal, more commonly known as save. The features in the 
dataset are the total number of saves, the number of saves of six-yard box shots, 
of shots from the penalty area and from outside of the box. 
The 16 characteristics that come subsequently provide information about the 
number of shots on target, off target, blocked and total number of shots 
attempted. It also presents the number of shots with each body part (right foot, 
left foot, head and other), the number of shots from open play, from counter 
attack, from set pieces situations and from penalties. The next three variables 
present the number of shots taken from each pitch area (six-yard box, penalty 
area and out of the box). 
The last three variables of the data table are related to the tackling action. A 
tackle is a ground challenge where the player takes the ball away from his 
adversary. A successful tackle means that the team of the player that performed 
this action gains possession. The 3 columns give information about the number 
of successful tackles, failed tackles and the total number of tackles attempted. 
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Chapter 5 
Data Preparation 
1. Data Preparation 
Using R Studio, the dataset previously exported was read and a NA’s 
verification was conducted. As expected, there were no NA values in the data 
frame. 
Subsequently, it was verified if there was a repetition of players in the 
dataset. The study revealed that there were 23 repeated players. After 
identifying them and their player ID, it was clear that the repetition was due to 
them exchanging clubs in the same league in the middle of the season. The 
values for each one of the observations with the same player name were 
different as they represented their actions in the different teams. 
The 23 players and the initial and final season teams are represented in Table 
10. 
With the intent of creating a data frame with only one observation for every 
player, the dataset was divided into two data frames, one without the 23 
players and one with only the 46 observations of the repeated players. Another 
option was to consider the same player twice (renaming these observations as 
"Tiquinho Soares1" and "Tiquinho Soares2"), this would allow the 
understanding of whether the player performance depends much on the team 
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he is in. In fact, the detailed analysis of these 23 players could yield interesting 
insights, but these are out of the scope of the thesis. 
Table 10 - Players that exchanged teams during the 2016/2017 season 
Player Inital Team Final Team 
Rodrigo Battaglia Chaves Braga 
Willy Boly Braga Porto 
Tiquinho Soares Guimarães Porto 
Rafael Assis Braga Chaves 
Daniel Podence Moreirense Sporting 
Paulinho Chaves Braga 
João Palhinha Belenenses Sporting 
André Claro Setúbal Estoril 
Gonçalo Brandão Belenenses Estoril 
Ruca Setúbal Tondela 
Guillermo Celis Benfica Guimarães 
Gegé Arouca Paços de Ferreira 
Zequinha Arouca Nacional 
Pedro Tiba Braga Chaves 
Rafa Braga Benfica 
Alex Freitas Guimarães Moreirense 
Fábio Sturgeon Belenenses Guimarães 
Filipe Augusto Rio Ave Benfica 
Francisco Geraldes Moreirense Sporting 
Fábio Nunes Tondela Belenenses 
Crislan Tondela Braga 
Amido Baldé Marítimo Tondela 
Ricardo Valente Guimarães Paços de Ferreira 
 
Considering it is relevant to the study to have all the actions a player 
performed during the season, both technical data from the 23 players were 
merged. The players’ team is defined as the team they finished the season with, 
their age corresponds to the age in the beginning of the season and, in case they 
played in distinct positions, the position they played the most minutes in was 
the position represented. 
A dataset was created with the merge of both datasets and a csv file was 
saved for analysis. 
2. Preliminary Data Analysis 
The 524 players in the data table are distributed over the seven positions in 
the following way: 46 are Goalkeepers, 79 are Centre Backs, 87 are Full Backs, 
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103 are Holding Midfielders, 41 are Attacking Midfielders, 73 are Wide 
Midfielders and 95 are Strikers. 
 
Figure 15 - Number of players distributed over the 7 positions 
The number of players per team varies between 24 (Setúbal) and 33 (Braga). 
Two teams had 27 players (Porto and Arouca), three had 28 players (Rio Ave, 
Marítimo e Moreirense), six teams had 29 (Belenenses, Chaves, Feirense, 
Nacional, Paços de Ferreira and Tondela), Guimarães had 30 players, three 
teams had 31 (Boavista, Benfica and Estoril) and Sporting had 32 players. 
 
Figure 16 - Number of players per team 
The average age of the players in the 2016/2017 season was approximately 25 
years old, being the youngest player (Pedro Neto, Braga’s Striker) 16 years old 
and the two oldest players (Pedro Taborda and Paulo Lopes, Moreirense’s and 
Benfica’s Goalkeepers) 38 years old. 
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The average age varied from position to position. The goalkeepers had the 
oldest age average (28 years) and the remaining had an age average of 26 
(Centre Backs), 25 (Full Backs and Holding Midfielders) and 24 (Attacking 
Midfielders, Wide Midfielders and Strikers). 
Also, there was a small variation between the average age throughout the 
teams. The majority had an average of 25 years (10 teams), 2 groups of 3 teams 
had an average age of 24 and 26 and 2 teams had an average of 27 years. 
 
Figure 17 - Average age per position 
 
Figure 18 - Average age per team 
The player that played more minutes was one of Chaves’ Full Backs, Nélson 
Lenho, who played 3060 minutes. The players that played the least during the 
season were 3 Strikers and 1 Goalkeeper, who only played for 1 minute. The 
average time each player played during the season was 1154 minutes. 
However, the median is inferior to this value, giving indication that most 
players played less than this. 
The players playing in the Centre Back position played, on average, more 
than the ones in the remaining positions (1461 minutes). The Full Backs and the 
Holding Midfielders played, on average, 1279 and 1236 minutes respectively 
and the remaining positions played on average less than 1200 minutes 
(Attacking Midfielder – 1133 minutes, Wide Midfielder – 1157 minutes, 
Goalkeeper – 1197 minutes), being the Striker position the one with the lowest 
average of 681 minutes. 
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The maximum number of games in which a player could have played was 
34, since the 18 teams play each other twice over the season. In the 2016/2017 
Primeira Liga edition there were only 3 players that played in every single 
game, Nélson Lenho, the player that played the most minutes over the season, 
Gil Dias (Wide Midfielder, Rio Ave) and Florent Hanin (Full Back, Belenenses). 
On average, each player played 16 games over the season but, giving that the 
data is skewed to the right (median lower than the mean), it is possible to say 
that the majority of the players played less than that. 
 
Figure 19 - Histogram of the number of games played over the number of players 
As it was mentioned in the last chapter, there are three aerial variables being 
two of them the aerials won and lost and the last one the number of aerial 
challenges a player duelled in. The total number of aerials won and lost is the 
same (8845 aerials), as, for a player to win a duel, another has loose it. The 
players that won the most challenges (108 duels) were Porto’s Iván Marcano 
(Centre Back) and Sporting’s Bas Dost (Striker) and the player that lost the most 
duels was Rafael Lopes (Striker, Chaves), who lost 139 challenges. The 
maximum number of aerials a player disputed was 228 (Emmanuel Boateng, 
Striker, Moreirense). 
In the 2016/2017 season there were 488 assists. With 9 assists, Gelson Martins 
(Wide Midfielder, Sporting) was the player that ranked number one in this 
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category. From the 524 players in the dataset, only 206 did at least one assist, 
the majority of them Wide Midfielders (45), but players from every position 
passed the ball for a teammate goal (26 Attacking Midfielders, 14 Centre Backs, 
41 Full Backs, 2 Goalkeepers, 41 Holding Midfielders and 37 Strikers). 
 
Figure 20 - Number of players that did assists divided by position 
There were only 3 assists from throw in, all of which were made by Full Back 
players, and 22 were through ball assists. The number of total assists from cross 
passes was 175, being Alex Telles (Full Back, Porto) the player with the most 
assists (seven). As expected, the majority of the players that did cross assists 
played in the wings in both the Full Back and the Wide Midfielder positions (14 
Attacking Midfielders, 32 Full Backs, 15 Holding Midfielders, 6 Strikers and 32 
Wide Midfielders). 
 
Figure 21 - Number of players that did cross assists divided per position 
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There were 45 and 27 assists from corners and freekicks respectively, being 
the maximum assists performed by a player in both of these situations equal to 
3. There were 281 assists classified as other. 
There were 3 types of blocks, shots blocked, which total during the season 
was 1473 blocks, passes blocked, which total was 3283, and crosses blocked, 
which total was 1275. The player that blocked the most shots (27 shots) was the 
Guimarães’ Centre Back, Pedro Henrique. Miguel Cardoso (Wide Midfielder,  
 Tondela) was the player that blocked 
the most passes (33 passes) and, with 
36 crosses blocked, Florent Hanin was 
the player that ranked number one in 
this attribute. 
 
Figure 22 - Histogram of the number of shots 
blocked over the number of players 
 
Figure 23 - Histogram of the number of passes 
blocked over the number of players 
 
Figure 24 - Histogram of the number of crosses 
blocked over the number of players 
The number of cards awarded during the competition was 1400 yellow cards 
and 80 red cards. Vítor Bruno, Feirense’s Full Back, was the player that received 
more yellow cards (14 cards) and, with 3 red cards, Tobias Figueiredo (Centre 
Back, Nacional) was the one who received the most cards of this type. 
The total number of clearances was 12637, being that the highest value 
belongs to Lucas (Centre Back, Boavista) with 194 clearances. 
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There were three dribble variables, the first one indicated the number of 
unsuccessful dribbles of each player, being the player with the most failed 
dribble attempts – 73 attempts – Gil Dias (Wide Midfielder, Rio Ave) and the 
total number of unsuccessful attempts 3848.  
Yacine Brahimi (Holding Midfielder, Porto) was the player with the most 
successful dribbles – 88 dribbles – and the total number of successful dribbles 
was superior to the number of unsuccessful attempts (4173 dribbles). The player 
that attempted to dribble the most was Gil Dias (156 attempts) and the total 
number of dribble attempts was 8021. 
 
Figure 25 - Number of successful and unsuccessfull dribbles 
During the full season, the total number of fouls suffered was 9896 and the 
total number of fouls made was 10250. These results might indicate that 354 
fouls were not inflicted to another player and were considered to be other type 
of fouls (e.g. hand balls), which are not clarified in the dataset. 
The number of goals scored during the season was 728, with 23 being own 
goals. Bas Dost was the top scorer with 34 goals. He was also the player in the 
league that scored the most goals with the right feet (21 goals) and with the 
head (12 goals).  
The total number of right feet and head goals was 347 and 167 respectively, 
186 goals were scored with the left feet and 5 goals were scored with other body 
parts. Henâni (Wide Midfielder, Guimarães) and Welthon (Striker, Paços de 
Ferreira) both scored 8 left feet goals, the highest number of goals with this feet 
in the 2016/2017 season. 
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Figure 26 - Number of goals per body part 
The majority of the goals were scored in open play (431 goals), 183 were set 
pieces goals, 68 were penalty goals and 23 were scored in counter attack. Bas 
Dost was the top scorer in open play goals (19 goals), in penalty goals (7 goals) 
and shared with Raúl Silva the top scorer position for set pieces goals. 
 
Figure 27 - Number of goals per situation 
From the 705 goals scored in the opponents’ net, 456 came from the penalty 
area (Bas Dost was top scorer in this zone with 25 goals), 155 came from the six-
yard box (Bas Dost was the top scorer from this area with 8 goals) and 94 goals 
came from outside of the penalty area. Chaves’ Fábio Martins (Wide 
Midfielder), Renan Bressan (Holding Midfielder) and Benfica’s Jonas (Striker) 
were the players that scored the most goals (four) from this zone. 
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Figure 28 - Number of goals per field zone 
During the season, 9737 balls were intercepted, being Talocha, one of 
Boavista’s Full Backs, the player with the most interceptions (104). 
The total number of key passes was 4922, 1107 of which were long key passes 
and 3815 were short key passes. Pizzi (Holding Midfielder, Benfica) dominated 
this set of variables having performed the most key passes in both categories 
(59 short passes and 31 long passes). However, Alex Telles performed the same 
number of long passes. 
 
Figure 29 - Number of short and long key passes 
Kostas Mitroglou (Striker, Benfica) and Anastasios Karamanos were the 
players that committed the greatest number of offsides (26 offsides) from a total 
number of 1179 offsides. 
From a total of 232867 passes attempted during the season, 190115 were short 
passes – 155227 were accurate and 34888 were inaccurate – and 42752 were long 
passes – 18952 were accurate and 23800 were inaccurate. The player that 
completed more short passes was Pizzi and Claúdio Ramos (Goalkeeper, 
Tondela) was the player that executed more long passes. 
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Figure 30 - Number of Short and Long 
Passes 
 
Figure 31 - Number of Accurate and Inaccurate Short 
Passes 
 
Figure 32 - Number of Accurate and Inaccurate Long 
Passes 
From freekicks and corners, 9513 and 3184 passes were attempted 
respectively. In the freekick situation, there were more accurate passes than 
inaccurate, but, in the corner situation, it was the other way around (6756 
accurate freekicks, 2757 inaccurate freekicks, 1239 accurate corners and1945 
inaccurate corners). 
12108 passes were attempted through crosses but only 2660 of them were 
accurate. Alex Telles was the player that attempted the most cross passes. 
Of the two ways of losing possession, the one that happened the most was 
the possession lost by unsuccessful touch (8999 situations), but the situation 
where the players were dispossessed of the ball happened 7319 times. 
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The number of saves made in the six-yard box was 84. Braga’s Goalkeeper, 
Marafona, was the player that performed the most saves from this area. From 
the penalty area, 901 saves were made, being Claúdio Ramos the player that did 
the most saves (69 saves). Cássio (Goalkeeper, Rio Ave) was the player that 
performed more saves from outside of the box (43 saves) and the total number 
of saves from this zone was 686 saves. 
The total number of shots performed during the season was 7076 shots, from 
which 2399 were on target, 3168 were off target and 1509 were blocked. 
Tiquinho Soares (Striker, Porto) was the player that shot the most with 100 
shots over the season. 
The majority of shots were feet shots (3740 with the right foot and 1981 with 
the left foot), 1333 were performed with the head and 23 came from other body 
parts. 
 
Figure 33 - Number of shots per body part 
The majority of shots came in open play (4757 shots), being André Silva the 
player that shot the most in open play (82 shots). 2144 shots came from set 
pieces situations, 90 from penalties and 85 came from counter attack plays. 
Felipe (Centre Back, Porto) was the player that shot the most from set pieces 
situations (35 shots), Bas Dost took 8 penalty shots and Tiquinho Soares was the 
player that shot the most from counter attack plays. 
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Figure 34 - Number of shots per situation 
Bas Dost and André Silva 
were the players that shot the 
most from the six-yard box (15 
shots), Tiquinho Soares was the 
player that shot the most from 
the penalty area (75 shots) and 
both Nildo Petrolina (Wide 
Midfielder, Moreirense) and 
Salvador Agra (Wide 
Midfielder, Nacional) were the 
players that shot the most from 
outside of the box (47 shots). The 
total number of shots were 482 
from the six-yard box, 3417 from 
the penalty area and 3177 from 
outside of the box. 
 
 
Figure 35 - Number of goals per field zone 
There were 15338 tackle attempts from which 11165 were successful and in 
the other 4173 the player was dribbled past. Nuno Sequeira (Full Back, 
Nacional) was the player that did the most successful tackles, 102, but also the 
player that was dribbled past the most, 45 times. 
 
Figure 36 - Number of successful and unsuccessfull tackles 
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3. Modelling Dataset 
The dataset extracted from the database had a large number of attributes that 
would not be used in both the clustering and the quantile analysis. Therefore, a 
new data table was created with only the essential variables to perform these 
analyses.  
Our modelling dataset to be used in the identification of the technical 
performance indicators for each position was constructed with the ID, the 
Players Name and the Position they played in. The variables Team_ShortName, 
Player_Age, Player_Minutes and Player_TotalGames were excluded as they are 
not technical performance data and are not relevant to the following analyses. 
From the aerial variables, the only one that was chosen to appear in the 
dataset is the Aerial_Challenges. This is due to the fact that, to analyse this 
performance indicator, one is expected to see which positions have the most 
duels of this kind and not which position wins and loses the most challenges. 
The assists’ variables were excluded because these are situations that come 
from passes and so are included in the passing attributes. 
All the block characteristics were added to our modelling dataset as they 
provide information that might be considered as a performance indicator of the 
players of certain positions. 
Both the yellow and red cards were not considered technical performance 
indicators, so these attributes are not listed in the data table. The Clearances 
variable, however, was considered and is listed in our modelling dataset. 
The dribble variable with the total number of dribbles attempted was 
incorporated in the dataset because it is expected to show which positions 
attempted this technical skill the most. The other two attributes indicate the 
number of successful and unsuccessful dribbles and were not considered in the 
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data table as it is not relevant to this to study which positions fail and excel the 
most in this kind of skill. 
The fouls made and suffered, as well as the goal variables, were not 
considered in our modelling dataset, since they represent situations of the game 
and not technical skills. However, the variable with the number of interceptions 
performed by each player is listed in the data table because it is a potential 
performance indicator. 
The key passes variables were not listed in the dataset for the same reason as 
the assist ones. There are only three passes variables in our modelling dataset 
(Passes_Short, Passes_Long and Passes_TotalCross), the freekicks and corners 
variables were excluded as, normally, there is a defined player or players that 
play in this kind of situation. The accurate and inaccurate variables were also 
excluded as they are not relevant. 
The possession loss variables were excluded from the data table as they don’t 
give relevant information. The variable Saves_Total is the only variable from 
the saves variables that is listed in the dataset the others are excluded because, 
as only goalkeepers do saves, there is no need to understand which positions 
make saves from the different zones. 
From the shots variables, only the Shots_Feet, Shots_Head, Shots_OutOfBox 
and a new variable that was created by adding the six-yard shots to the penalty 
area shots were listed in the new dataset. These were the chosen attributes 
because the idea is to understand if there are any differences between positions 
in relation to which body part they shoot the most and in relation to shooting 
from the inside (close shots) and from the outside of the box (long shots). 
The variable Tackles_Total is the last variable of our modelling dataset. The 
other two variables that provide information about the tackles weren’t selected 
because it is not relevant to the study to know which positions miss or perform 
good tackles. 
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Table 11 - Modelling Dataset Variables  
1 ID_Player 8 Clearances_Total 15 Shots_Feet 
2 Player_Name 9 Dribbles_Total 16 Shots_Head 
3 Positions 10 Interceptions_Total 17 Shots_InTheBox 
4 Aerial_Challenges 11 Passes_Short 18 Shots_OutOfBox 
5 Blocks_Shots 12 Passes_Long 19 Tackles_Total 
6 Blocks_Passes 13 Passes_TotalCross   
7 Blocks_Crosses 14 Saves_Total   
 
The modelling dataset has 524 objects and 19 variables that are presented in 
the Table 11. 
As mentioned before, the analysis performed in this dissertation followed 
closely the study of Hughes et al., (2012), who defined 5 sets of performance 
indicators (Physiological, Tactical, Technical – Defence, Technical – Attack and 
Psychological) within 7 category sets related to the position of the player. Table 
12 summarises these KPIs. 
Table 12 - The skill requirements for the different positions in football (from Hughes et al., 2011) 
Performance 
Indicators 
Goalkeeper Full Back Centre Back 
Holding 
Midfield 
Attacking 
Midfield 
Wide Midfield Sriker 
Physiological 
Height 
Strength 
Power 
Agility 
Coordination 
Reaction time 
Speed 
Power 
Stamina 
Height 
Strength 
Speed 
Power 
Stamina 
 
Stamina 
Speed 
Power 
Strength 
Stamina 
Speed 
Power 
Strength 
Speed 
Stamina 
Power 
Strength 
Speed 
Agility 
Power 
Strength 
Stamina 
Tactical 
Vision 
Organisation 
Communication 
Distribution 
Support play 
When to cross 
Passing 
Running off 
the ball 
Forcing 
offside 
Vision 
Organisation 
Communication 
Passing 
Vision 
Organisation 
Communication 
 
Vision 
Organisation 
Communication 
 
Vision 
Organisation 
Communication 
 
Vision – 
awareness of 
space 
Anticipation 
Organisation 
Communication 
Technical 
Defence 
Shot stopping 
Coordination 
Recovery speed 
Save 
Punch 
Tackle 
Pressing 
opposition 
Interception – 
anticipation 
Clearance 
Defensive 
header 
Tackle 
Defensive 
header 
Pressing 
opposition 
Interception – 
anticipation 
Clearance 
Tackle 
Pressing 
opposition 
Interception – 
anticipation 
Heading 
Tackle 
Pressing 
opposition 
Interception – 
anticipation 
Heading 
Tackle 
Pressing 
opposition 
Cover full back 
Interception – 
anticipation 
Heading 
Tackle 
Pressing 
opposition 
Interception – 
anticipation 
Heading 
Technical 
Attack 
Passing 
Throw 
Ball Control 
with feet 
Kick 
Tackle 
Tackle 
Interception – 
anticipation 
Dribbling 
Running off 
the ball 
Clearance 
Defensive 
header 
Passing 
Heading 
Running with 
the ball 
Support play 
Dribbling 
Crossing 
Shooting 
Passing 
Running with 
the ball 
Dribbling 
Support play 
Crossing 
Shooting 
Heading 
 
Passing 
Running with 
the ball 
Dribbling 
Support play 
Crossing 
Shooting 
Heading 
 
Passing 
Running with 
the ball 
Dribbling 
Support play 
Crossing 
Shooting 
Heading 
 
Shooting 
Heading 
Reception 
Dribbling 
Passing 
Running with 
the ball 
Support play 
Crossing 
Psychological 
Concentration 
Motivation 
Attitude 
Body language 
Concentration 
Motivation 
Attitude 
Body 
language 
Concentration 
Motivation 
Attitude 
Body language 
Concentration 
Motivation 
Attitude 
Body language 
Concentration 
Motivation 
Attitude 
Body language 
Concentration 
Motivation 
Attitude 
Body language 
Concentration 
Motivation 
Attitude 
Body language 
 
  75 
Focusing only on the Technical Indicators of Hughes, et al. (2012), a relation 
can be made with the ones that are contemplated in our modelling dataset. 
To start, it is possible to see that the variables Save, Tackle, Interception, 
Clearance, Shots, Passes, Dribbles, Crosses and Headings are contemplated in 
both tables. However, some of these attributes are presented differently. For 
instance, the Goalkeeper position in the Hughes, et al. (2012) has 3 separate 
indicators (Passing, Throw and Kick), which, in our modelling dataset, are only 
divided into 2 categories (Long Passes and Short Passes). The same can be said 
for the Heading and the Defensive Header, which are represented in our 
modelling dataset as the same variable, Aerials. 
On the other hand, for all positions except the Goalkeeper, the Passing 
indicator considered in Hughes, et al. (2012) is divided into 2 attributes in our 
modelling dataset, Long Passes and Short Passes. Similarly, the Shooting 
indicator that can be found in Table 12 is converted into more specific 
categories, which provide information about the distance of the shot and body 
part used (Feet Shots, Head Shots, In the Box Shots and Out of the Box Shots). 
The indicators Coordination, Recovery speed, Punch, Ball control with feet, 
Pressing opposition, Reception, Running with the ball and Support play are not 
listed in our modelling dataset of this dissertation, and yet are contemplated in 
Hughes, et al. (2012). The reason for this is that there is no information in the 
extracted data that can be linked to these indicators.  
On the contrary, 3 variables that can possibly be technical indicators are 
listed in the dataset and not in the study previously mentioned. They are Shot 
Blocks, Pass Blocks and Cross Blocks. 
In the modelling dataset, as the players didn’t have the same game time, it 
was necessary to normalize the data. The normalization was done as the 
average number of times a player performs an action for every 90 minutes that 
he plays. 
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Equation 3 - Normalization Equation 
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑐𝑡𝑖𝑜𝑛𝑠 𝑓𝑢𝑙𝑙 𝑠𝑒𝑎𝑠𝑜𝑛 × 90
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 𝑝𝑙𝑎𝑦𝑒𝑑 𝑓𝑢𝑙𝑙 𝑠𝑒𝑎𝑠𝑜𝑛
 
 
A csv filed of the normalized dataset was then created. 
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Chapter 6 
Modelling and Evaluation 
1. Clustering Analysis 
A Clustering Analysis was performed to understand if there were similarities 
between the players’ technical data. By creating groups of players and 
analysing them, it is expected to understand if the variables are performance 
indicators of the positions considered. 
The technique applied was the K-Means algorithm. The number of clusters 
(k) selected was 7 since the players were divided into seven positions. The 
number of sets applied to the K-Means algorithm was 25, which means that the 
algorithm will try 25 initial configurations and provide the best one. 
In the first attempt of the K-Means algorithm, one player (Wellington Carlos, 
Striker) was so distanced from the rest of the data points that he created a 
cluster of his own. This data point was, therefore, removed and the algorithm 
was applied again with the same values as the ones described in the last 
paragraph. Once again, another player (Carlos Daniel, Striker) created a group 
of his own and, consequently, the next step was removing his observation from 
the dataset and repeating the process again. 
The size of each one of the 7 clusters crate was: 44 in 1st cluster, 108 in the 2nd, 
12 in the 3rd, 89 in the 4th, 117 in the 5th, 43 in the 6th and 109 in the last cluster. 
The centres of the cluster are the ones present in Table 13. 
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Table 13 - Centers of the clusters per variable 
 Aerial_Challenges Blocks_Shots Blocks_Passes Blocks_Crosses 
1 0,955473 0,017045 0,019041 0,000000 
2 2,745451 0,348072 0,464215 0,325689 
3 1,106111 0,055507 1,230532 0,005267 
4 4,952618 0,118127 0,474179 0,111959 
5 2,503349 0,121788 0,642085 0,186517 
6 2,595580 0,194596 0,420808 0,172349 
7 2,502752 0,228821 0,533160 0,168565 
 Clearances_Total Dribbles_Total Interceptions_Total Passes_Short 
1 1,207221 0,011820 0,134552 7,220359 
2 3,373449 0,585643 2,282633 26,84489 
3 0,614738 2,659226 1,019693 71,46923 
4 1,184076 1,648333 0,821843 17,02953 
5 0,795720 2,013408 0,820196 24,92948 
6 2,290999 1,164000 1,979085 49,64759 
7 1,721209 1,571837 1,664303 36,97810 
 Passes_Long Passes_TotalCross Saves_Total Shots_Feet 
1 20,40763 0,000708 2,541399 0,008523 
2 7,468924 1,444230 0,027778 0,399347 
3 4,462110 3,195811 0,000000 0,632407 
4 1,601152 1,233824 0,043967 1,391344 
5 2,199389 2,757279 0,000000 1,447489 
6 5,738538 1,926788 0,000000 0,753752 
7 4,952197 1,910724 0,000000 0,931442 
 Shots_Head Shots_InTheBox Shots_OutOfBox Tackles_Total 
1 0,001486 0,010009 0,000000 0,088990 
2 0,141220 0,234585 0,308744 2,760659 
3 0,604178 0,945401 0,291184 6,502840 
4 0,449217 1,230436 0,613308 1,636379 
5 0,199396 0,910807 0,743666 2,361286 
6 0,263603 0,544199 0,473155 2,922046 
7 0,152369 0,516358 0,568531 2,981755 
 
In Table 14 it is possible to see the number of players per position in each of 
the clusters.  
Table 14 - Players in each of the clusters in relation to their position 
 Goalkeeper Full Back Centre Back 
Holding 
Midfield 
Attacking 
Midfield 
Wide 
Midfield 
Striker 
1 42 0 1 0 0 0 1 
2 1 45 44 17 1 0 0 
3 0 1 0 8 1 2 0 
4 3 5 4 1 2 21 53 
5 0 14 0 12 18 40 33 
6 0 9 11 20 3 0 0 
7 0 13 19 45 16 10 6 
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1.1. Aerials 
The Aerials variable centre of the 4th cluster is considerably higher than the 
remainder, which indicates that this group of players duelled for more aerial 
balls than the players of the remaining groups. This cluster had players of all 
seven positions, which reveals that aerial skills are necessary for every position 
especially the Striker, which represents approximately 60% of the group.  
The group with the lowest Aerials centre was the 1st, which was mainly 
composed by Goalkeepers, suggesting that this is not a very important indicator 
for this position. The second group with the highest Aerials centre was the 2nd 
and it was mainly made up of defenders (Centre Backs and Full Backs). 
The 3rd group also had a lower centre value in this variable than the rest of 
the other clusters.  
In conclusion, based on the K-Means Clustering, the Aerials variable is a 
performance indicator of all 7 positions. 
1.2. Shot Blocks 
The second variable centre indicates that the 2nd cluster was the one with the 
most shots blocked, which was expected since around 76% of the players of the 
group are defenders (Centre Backs and Full Backs) and the majority of the shots 
occur in their field areas.  
The 1st cluster had a significant low value centre in this variable, therefore, a 
more in-depth analysis was carried out revealing that only one player of this 
group (Centre Back) had a value superior to zero in this variable.  
The fact that every Goalkeeper had a value of zero in this variable and, since 
more than 90% of the Goalkeepers are in this group, a hypothesis that this is not 
a performance indicator for this position might be formed. In order to prove the 
previous idea, the values for the remaining Goalkeepers in this variable were 
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analysed, revealing that this variable is not a performance indicator of 
Goalkeepers as all players of this position have a value equal to zero. 
The Shot Blocks variable, according to the clustering analysis, is a 
performance indicator for every position except for the Goalkeeper. 
1.3. Pass Blocks 
The 3rd cluster had the highest centre for this variable, unveiling that these 
players are the ones that blocked most of the passes. This group was mainly 
formed by Midfielders (Holding, Attacking and Wide), which indicates that this 
is a performance indicator for these positions. However, due to the size of the 
group no other conclusion can be achieved. 
The second group with the highest centre value was the 5th cluster, which 
was incorporated by players of all positions except Centre Backs and 
Goalkeepers.  
Once again, the first group had the lowest centre value which was very close 
to zero. Thus, an analysis to understand if any Goalkeeper had blocked a pass 
was required. Only 2 Goalkeepers out of 42 in the 1st cluster blocked passes 
(values higher than zero), which means that this is not a performance indicator 
for this position. 
To understand if this attribute is a performance indicator of the Centre Back 
position, a study in the 2nd cluster was conducted. It revealed that, out of the 44 
Centre Backs, 40 had a value superior to zero, indicating that this variable is a 
performance indicator of this position. 
In sum, the Pass Blocks is a performance indicator for every position 
considered, but not of any relevance for Goalkeepers. 
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1.4. Cross Blocks 
The 1st cluster had a centre equal to zero in this variable, leading to the idea 
that, once again, this is not a Performance Indicator of Goalkeepers. By isolating 
the remainder Goalkeeper observations, it was possible to understand that all 
Goalkeepers had a value of zero in this attribute. This was expected since, 
normally, crosses are performed in the lateral areas of the field, areas which the 
Goalkeeper rarely has the need to go to. The 3rd cluster also had a very low 
centre. 
The cluster with the highest centre is the 2nd one, which had a lot of 
defenders from both the Full Back and Centre Back positions, which indicates 
that this is a performance indicator of these positions. The 5th cluster centre had 
the second highest value and was formed by players of all positions except 
Goalkeepers and Centre Backs. 
This indicates that the Cross Blocks variable is a Performance Indicator of 
every position (except the Goalkeeper as mentioned). 
1.5. Clearances 
The two clusters with the highest centre values, 2nd and 6th, are similar to 
each other considering they are both constituted primarily by the same 3 
positions (Full Backs, Centre Backs and Holding Midfielders).  
In the 7th cluster, in which the centre value was also high, there was a large 
number of Holding Midfielders, but also Centre Backs which points that this is 
an important performance indicator for these positions. 
The 3rd and 5th clusters have lower centre values. However, there are players 
with values that are higher than zero for every position presented in these 
clusters, pointing that clearing the ball is an action performed by all the 
positions considered.  
Clearances is, therefore, a performance indicator of every position. 
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1.6. Dribbles 
The clusters with higher centre values for the dribbles attribute (3rd and 5th) 
were primarily formed by Wide and Attacking Midfielders pointing that this is 
an important performance indicator of these positions.  
The 5th cluster also had a substantial number of Striker players, which 
indicates that this action is performed often by this kind of players and is an 
important performance indicator for this position. 
The 2nd group was mainly formed by Centre Backs and Full Backs, so, as the 
centre value of this cluster was fairly superior to zero, it is possible to admit 
that this attribute is an indicator of performance of these positions. 
There are Goalkeepers in the first group that attempted to dribble the ball. 
However, the number of dribbles attempted is much inferior to the one of the 
other positions, so this attribute is not considered a performance indicator for 
the position. 
1.7. Interceptions 
Once again, like for the Clearances variable, the two clusters with the highest 
value centres are the 2nd and the 6th, indicating that for the 3 positions that have 
the greatest presence in these groups (Centre Back, Full Back and Holding 
Midfield) this is a performance indicator. 
It was important to see if any of the Goalkeepers did any interception 
considering the 1st group (the Goalkeepers’ main cluster) had a very small 
centre. If there were no interceptions by the Goalkeepers, it would mean that 
this is not a performance indicator. However, there are Goalkeepers that 
intercepted balls, but the amount of interceptions is very small compared to the 
other positions. 
Concluding, the interceptions is a performance indicator of every position. 
 
  83 
1.8. Short Passes 
The short passes variable centre was the highest for the 3rd cluster, which was 
formed by Holding Midfielders, Wide Midfielders, an Attacking Midfielder and 
a Full Back.  
The second and third highest centre values were the ones of the 6th and the 7th 
cluster, which were formed by players of every position with the exception of 
the Goalkeepers. Although there are Strikers in the 7th cluster, the number of 
players of this position (six) is very small, therefore, a study to see if the players 
of this position conduct short passes is necessary. All of the six Strikers had a 
high value of short passes pointing that this attribute is also a performance 
indicator of this position. 
Even though it is expected of Goalkeepers to also make short passes, the 1st 
cluster has a smaller centre value than the other clusters. Therefore, an analysis 
was performed to understand if this was also a performance indicator of this 
position, which it turned out to be, since 41 out of the 42 Goalkeepers had a 
value superior to zero. 
Taking into consideration that all positions perform short passes, it is 
possible to affirm that this is a performance indicator of every position. 
1.9. Long Passes 
The group that was mainly formed by Goalkeepers (1st cluster) had a much 
higher centre than the other ones, indicating that long passes is an important 
performance indicator of Goalkeepers. 
Every other centre was much superior to zero indicating that, for every 
position, long passing is a performance indicator. 
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1.10. Cross Passes 
The first cluster has a centre value of approximately zero, which might 
indicate that this is not a performance indicator for the Goalkeeper position. 
Through an analysis of the players on this group it was possible to understand 
that one of the Goalkeepers of this group did a cross pass. The remaining 
Goalkeepers that are in cluster 2 and 4 didn’t attempt to perform any cross. The 
only Goalkeeper that did attempt cross passes was Rio Ave’s Cássio. This might 
have happened as a last-minute ball resource where all the players went into 
the penalty box and Cássio tried to pass the ball for a goal. Since it only 
happened once during the season with only one Goalkeeper, it shall not be 
considered as performance indicator of this position. 
For the remaining clusters, the value of this variable is always superior to 
one indicating, that it is a performance indicator of every position except the 
Goalkeeper. 
1.11. Saves 
Normally, the only players that can make saves are the Goalkeepers, so, as 
expected, the only cluster with centres superior to zero were the ones that had 
players of this position. An analysis was performed in these 3 clusters to see if 
any player of other position besides the Goalkeepers did any saves. Since no 
player, of any position besides the Goalkeeper, had a value superior to zero in 
this attribute, it is possible to admit that this is a performance indicator only 
relevant to Goalkeepers. 
1.12. Feet Shots 
As expected, the 1st Cluster had a centre value very proximate to zero in this 
variable since, normally, Goalkeepers do not need to shoot the ball into the net. 
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In fact, in the 1st cluster the only player who attempted shots with his feet was 
the Centre Back of the group. 
Almost all the Striker players were in the 4th and 5th clusters and, due to the 
fact that those two were the ones that had the greatest centre values, it is 
possible to say that feet shots are a performance indicator of Strikers. 
Together, the 4th and 5th clusters had players of all positions, which indicates 
that this Shots variable is a performance indicator of all positions that form this 
two groups except the Goalkeepers. 
1.13. Head Shots 
Once again, the 1st cluster had the lowest centre value number, but this time 
further away from zero than in the last variable. In order to understand this, an 
analysis was performed revealing that there were two Goalkeepers of this 
group that shot the ball with their head. This only happened once during the 
season for each one of the players (Setúbal’s Bruno Varela and Moreirense’s 
Georgi Makaridze, which were the starting Goalkeepers for each of their 
teams), indicating that this variable is not a performance indicator for the 
Goalkeeper position.  
For the other positions, this variable can be considered as a performance 
indicator since the centre value of the remaining clusters is higher than zero, 
especially in the 4th and the 3rd groups. 
1.14. Shots in the Box 
As there were almost no head shots and no feet shots from the Goalkeeper 
position it seems logical that there were almost no shots from close range, 
indicating that this is not a performance indicator of this position. 
This variable appears to be a performance indicator of the Striker Position, 
since the 4th cluster, which had the highest centre value, was formed by a high 
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number of players of this position. This cluster also had players of all positions, 
indicating that this attribute is a performance indicator for all positions, except 
for the Goalkeepers. 
1.15. Shots out of the Box 
For the shots taken from a long distance the cluster with the highest centre is 
the 5th, which is mainly formed by Wide Midfielders, Attacking Midfielders and 
Strikers, indicating that for these positions this variable is a performance 
indicator. In this cluster, there were Full Back players present, which indicates 
that this is also a performance indicator for this position.  
To understand if this attribute is also an indicator for the Centre Back 
position, a study was conducted in the cluster with the most Centre Backs (2nd). 
It revealed that, since 21 out of 44 players of this position had a value higher 
than zero, then this attribute must also be a performance indicator of this 
position. 
The 1st cluster had a centre of zero, indicating that this is not a performance 
indicator of Goalkeepers. 
1.16. Tackles 
The cluster with the highest centre value is the 3rd, followed by the 7th and the 
6th. In this 3 groups, the Holding Midfield position is the one with the highest 
number of players, indicating that, for this position, the tackle action is a 
performance indicator.  
Although with less relevance, it seems to be a performance indicator for all 
positions, only raising some doubts for the 1st cluster, which centre value is 
much inferior to the other centres. After an analysis of the players in the 1st 
cluster, it was possible to conclude that 17 out of the 42 Goalkeepers had a 
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value superior to zero, showing that it is a performance indicator of this 
position, but not very relevant. 
1.17. Evaluation of the Clustering Analysis 
Table 15 presents the performance indicators of each position. 
Table 15 – Table of the technical performance indicators obtained through the clustering 
analysis  
 Goalkeeper Full Back Centre Back 
Holding 
Midfield 
Attacking 
Midfield 
Wide 
Midfield 
Striker 
Technical 
Performance 
Indicators 
Aerials 
Clearances 
Interceptions 
Short Passes 
Long Passes 
Saves 
Tackles 
Aerials 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Aerials 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Aerials 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Aerials 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Aerials 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Aerials 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
 
The clustering analysis results were in similar to the ones in Hughes, et al. 
(2012) study as all positions except the Goalkeeper had the same performance 
indicators.  
Although the aforementioned table, achieved by the clustering analysis, 
shows the performance indicators, it doesn’t compare their importance between 
positions. This could be important because, for the distinct positions, some 
performance indicators should be more relevant than others. 
2. Quantile Analysis 
In this sub-chapter, an analysis of the positions of the players which are in 
highest tenth (90%-100%), twenty-fifth (75%-100%) and fiftieth (50%-100%) for 
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each one of the variables that were considered as possible key performance 
indicators will be produced. 
With this study, it will be possible to analyse which positions normally 
attempt certain actions the most and through that evaluate how each 
performance indicator is related to a given position. 
To evaluate the relevance of the performance indicators to each position the 
following assumptions were taken. 
It is assumed that if a certain position has more than 50% of the total players 
of that position over the median it means that the skill in study is a high 
relevance indicator of that position.  
In case, the percentage of players of a certain position that score over the 
median is inferior to 50% or if the variable was considered as a performance 
indicator of that position in the clustering analysis, it means that the variable in 
study is a low relevance technical indicator. 
If a variable was not considered as a performance indicator to certain 
position in the clustering analysis, then it is not a performance indicator. 
2.1. Aerials 
The Aerials variable was considered as a performance indicator for every 
position in the clustering analysis. 
 Table 16 – Number of players per position in the highest 10th, 25th and 50th of the aerial 
challenges variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 2 8  103 Holding Midfield 0 25 56 
79 Centre Back 4 30 69  95 Striker 46 65 77 
87 Full Back 1 5 29  73 Wide Midfield 2 4 22 
46 Goalkeeper 0 0 0       
 
By analysing Table 16, it is possible to understand that no Goalkeeper player 
scored over the median. This variable was considered a performance indicator 
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for the Goalkeeper position in the clustering analysis, so it is considered as a 
low relevance performance indicator of the Goalkeeper position. 
 
Figure 37 - Percentage of players per position in the highest 10th, 25th and 50th of the aerial 
challenges variable 
In Figure 37, it is noticeable that for the Striker position this attribute is a very 
relevant performance indicator since almost 57% of the players of this position 
can be found in the highest decile.  
It is also a very important performance indicator for Centre Back players as 
more than 85% of the players of this position score over the median. 
Considering that more than 50% of the Holding Midfielders score over the 
median, it was considered a performance indicator of this position. 
For the remaining positions, it was considered a low importance indicator. 
2.2. Shot Blocks 
The Shot Blocks attribute was contemplated as a performance indicator for 
every position except for the Goalkeeper in the clustering analysis. 
Table 17 - Number of players per position in the highest 10th, 25th and 50th of the shots blocked 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 2 17  103 Holding Midfield 6 33 67 
79 Centre Back 39 62 72  95 Striker 3 9 34 
87 Full Back 3 22 50  73 Wide Midfield 3 3 22 
46 Goalkeeper 0 0 0       
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Table 17 shows that the Centre Back position is the one with the most players 
for every quantile analysed. This, in parallel with Figure 38 where the 
percentage of Centre Backs in the highest decile is almost half of its total 
population, unveals that this is a very relevant performance indicator for this 
position. 
 
Figure 38 - Percentage of players per position in the highest 10th, 25th and 50th of the shot blocks 
variable 
In Figure 38, it is possible to recognize that, besides the Centre Back position, 
more than 50% of the players of the Holding Midfield and Full Back positions 
score over the median, indicating that this attribute is a performance indicator 
of these positions. 
This can be explained due to the fact that these 3 positions play nearer the 
goal than the other positions (except Goalkeeper), the area where the shots are 
usually taken. 
For the remaining positions it was considered a low importance indicator. 
2.3. Pass Blocks 
In the clustering analysis, for every position with the exception of the 
Goalkeeper, the Pass Blocks was considered a performance indicator. 
Table 18 discloses that the majority of the passes are blocked by Holding 
Midfielders, Wide Midfielders and Full Back players. 
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Table 18 - Number of players per position in the highest 10th, 25th and 50th of the passes blocked 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 12 18 33  103 Holding Midfield 9 36 70 
79 Centre Back 0 5 12  95 Striker 6 12 36 
87 Full Back 11 25 54  73 Wide Midfield 15 35 57 
46 Goalkeeper 0 0 0       
 
Comparing Table 18 with Figure 39 it is noticeable that even though the 
much inferior number of players of the Attacking Midfield position compared 
to the Holding Midfield, the percentage of players of the first position is 
superior to the second. The reason for this is that there is more than the double 
of players of the Holding Midfield position than the Attacking 
Midfield.
 
Figure 39 - Percentage of players per position in the highest 10th, 25th and 50th of the pass blocks 
variable 
For the midfield positions (Attacking, Holding and Wide) and the Full Back 
position, the attribute was considered a high relevance performance indicator 
and for the remaining positions, it was considered a low importance indicator. 
This was expected since normally the majority of the passes are performed in 
the centre of the field. 
2.4. Cross Blocks 
The Cross Blocks variable, in the clustering analysis, was considered as a 
performance indicator for every position except for the Goalkeeper. 
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Table 19 - Number of players per position in the highest 10th, 25th and 50th of the crosses blocked 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 2 5 25  103 Holding Midfield 3 8 48 
79 Centre Back 2 23 55  95 Striker 3 7 16 
87 Full Back 39 70 76  73 Wide Midfield 4 18 42 
46 Goalkeeper 0 0 0       
 
 In the highest decile and in the highest quartile, the Full Back position is 
clearly the one with most players, giving the idea that this is an important 
performance indicator for this position (see Table 19). Figure 40 confirms this 
hypothesis since it is noticeable that, this position has more than 85% of its 
players over the median. 
Other 3 positions (Centre Back, Attacking and Wid Midfield) score over the 
median, which indicates that for them the Cross Blocks variable is a significant 
performance indicator. 
 
Figure 40 - Percentage of players per position in the highest 10th, 25th and 50th of the cross blocks 
variable 
2.5. Clearances 
In the clustering analysis, the Clearances variable was considered a 
performance indicator of all positions. 
Table 20 - Number of players per position in the highest 10th, 25th and 50th of the clearances 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 0 1  103 Holding Midfield 3 13 59 
79 Centre Back 45 76 78  95 Striker 0 2 26 
87 Full Back 3 37 75  73 Wide Midfield 1 1 6 
46 Goalkeeper 1 2 17       
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In Table 20 it is perceptible that, for the values over the median, the defense 
positions (Centre Back and Full Back) are the ones with most players, leading to 
the idea that the Clearance attribute is an indicator of performance of these 
positions. 
 
Figure 41 - Percentage of players per position in the highest 10th, 25th and 50th of the clearances 
variable 
Figure 41 shows that, in fact, this is not only a performance indicator for 
these positions but also for the Holding Midfield position, which percentage of 
players over the median surpass the 50%. 
2.6. Dribbles 
This variable was considered a performance indicator of all positions except 
the Goalkeeper in the clustering analysis. 
Table 21 - Number of players per position in the highest 10th, 25th and 50th of the dribbles 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 10 23 37  103 Holding Midfield 5 12 47 
79 Centre Back 0 1 4  95 Striker 15 30 57 
87 Full Back 0 20 54  73 Wide Midfield 23 45 63 
46 Goalkeeper 0 0 0       
 
The dribbles attribute was considered a performance indicator of 4 positions 
– Attacking Midfield, Wide Midfield, Full Back and Striker. This was expected 
since normally these are the players that normally need to maneuver the ball 
over the opponent player in order to perform a certain action (e.g. cross, shot). 
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Figure 42 - Percentage of players per position in the highest 10th, 25th and 50th of the dribbles 
variable 
2.7. Interceptions 
The Interceptions variable was considered previously as a performance 
indicator of every position. 
Table 22 - Number of players per position in the highest 10th, 25th and 50th of the interceptions 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 1 14  103 Holding Midfield 13 37 76 
79 Centre Back 21 49 75  95 Striker 1 1 6 
87 Full Back 17 42 75  73 Wide Midfield 1 1 16 
46 Goalkeeper 0 0 0       
 
Table 22 shows that for all the quantiles analysed there are 3 positions that 
are always represented by a higher number of players – Centre Back, Full Back 
and Holding Midfield. In parallel, Figure 43 shows that these 3 positions are the 
only ones for which more than 50% of its players score over the median. 
 
Figure 43 - Percentage of players per position in the highest 10th, 25th and 50th of the 
interceptions variable 
Consequently, it is possible to affirm that it is an indicator of these positions.   
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2.8. Short Passes 
The Short passes variable was considered a performance indicator for every 
position in the clustering analysis. 
Table 23 - Number of players per position in the highest 10th, 25th and 50th of the short passes 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 4 12 33  103 Holding Midfield 26 58 90 
79 Centre Back 10 28 52  95 Striker 2 5 18 
87 Full Back 9 19 48  73 Wide Midfield 2 9 21 
46 Goalkeeper 0 0 0       
 
It is evident that the position with the most player in every quantile is the 
Holding Midfield. However, the positions Attacking Midfield, Centre Back and 
Full Back also have a reasonable number of players indicating that for these 
four positions this attribute is a high relevance performance indicator.  
 
Figure 44 - Percentage of players per position in the highest 10th, 25th and 50th of the short passes 
variable 
Figure 44 confirms the aforestated note because for these 4 positions more 
than 50% of their players scored over the median.  
For the remaining positions, the Short Passes indicator was considered a low 
relevance indicator.  
2.9. Long Passes 
In the previous analysis it was considered that the Long Passes attribute was 
an indicator of every position.   
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Table 24 - Number of players per position in the highest 10th, 25th and 50th of the long passes 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 0 13  103 Holding Midfield 1 17 60 
79 Centre Back 8 52 76  95 Striker 1 1 2 
87 Full Back 3 18 67  73 Wide Midfield 0 0 1 
46 Goalkeeper 41 43 43       
 
By analyising the Table 24, it is possible to say that since 41 out of 46 players 
of the Goalkeeper position can be found in the highest decile then this is an 
important performance indicator of this position. 
The Centre Back position has a high number of players in the last quantile, 
indicating that, for this position, this is also a very relevant indicator. 
 
Figure 45 - Percentage of players per position in the highest 10th, 25th and 50th of the long passes 
variable 
Figure 45 reveals that besides these two positions, the Full Back and Holding 
Midfield also have this attribute as a relevant performance indicator. 
The very low number of players of the Wide Midfield and Striker positions 
in this category can possibly be explained by the fact that, normally, these 
positions area is in the "end" of the field and taking into account the direction in 
which the game is played if they did a long pass it would be either in the 
direction of their own net or a pass out of the field. 
2.10. Cross Passes 
Cross Passes was considered an indicator of every position except the 
Goalkeeper in the clustering analysis. 
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Table 25 - Number of players per position in the highest 10th, 25th and 50th of the cross passes 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 6 25 36  103 Holding Midfield 7 14 42 
79 Centre Back 0 0 3  95 Striker 4 8 35 
87 Full Back 16 45 81  73 Wide Midfield 20 39 65 
46 Goalkeeper 0 0 0       
 
Through an analysis of both the Table 25 and the Figure 46, it is possible to 
understand that the Wide Midfield and the Full Back positions are the ones that 
do this kind of passes the most. This was expected since crosses normally come 
from the lateral area which is the field area of these positions. 
Thus, as well as for the aforementioned positions, for the Attacking Midfield 
position more than 50% of these position players score over the median, 
indicating that this is a high relevance performance indicator. 
 
Figure 46 - Percentage of players per position in the highest 10th , 25th  and 50th  of the cross 
passes variable 
2.11. Saves 
Saves was determined as an indicator for only the Goalkeeper position. This 
is proved by Table 26, since only 42 players score over the median which 
indicates the median is zero and every other player did zero saves 
Table 26 - Number of players per position in the highest 10th, 25th and 50th of the saves variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 0 0  103 Holding Midfield 0 0 0 
79 Centre Back 0 0 3  95 Striker 0 0 0 
87 Full Back 0 0 0  73 Wide Midfield 0 0 0 
46 Goalkeeper 42 42 42       
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2.12. Feet Shots 
This attribute was contemplated as a performance indicator for every 
position except for the Goalkeeper position. 
Table 27 - Number of players per position in the highest 10th, 25th and 50th of the feet shots 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 8 21 40  103 Holding Midfield 7 15 55 
79 Centre Back 0 0 2  95 Striker 22 51 75 
87 Full Back 0 4 24  73 Wide Midfield 16 40 66 
46 Goalkeeper 0 0 0       
 
The Table 27 and the Figure 47 together suggest that, for the positions that 
play nearer the adversaries’ net, this is an important performance indicator. 
Also, for the Holding Midfield position, it is considered a high relevance 
performance indicator since the percentage of players of this position over the 
median is higher than 50%. 
 
Figure 47 - Percentage of players per position in the highest 10th, 25th and 50th of the feet shots 
variable 
2.13. Head Shots 
The Head Shots variable, in the clustering analysis, was considered as a 
performance indicator for every position except for the Goalkeeper. 
Table 28 shows that the Centre Back position is the one with the most player 
over the median. The Striker is the second one with the largest number of 
players in the highest 50th percentile of the data, which was expected since it is 
the central position that plays most ahead in the field. 
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Table 28 - Number of players per position in the highest 10th, 25th and 50th of the head shots 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 1 3 21  103 Holding Midfield 3 10 50 
79 Centre Back 11 39 71  95 Striker 36 63 69 
87 Full Back 0 3 13  73 Wide Midfield 2 13 38 
46 Goalkeeper 0 0 0       
 
Through an analysis of Figure 48, it is possible to say that this attribute is an 
important performance indicator of the Centre Backs, the Strikers and the Wide 
and Attacking Midfielders. 
 
Figure 48 - Percentage of players per position in the highest 10th, 25th and 50th of the head 
shots variable 
2.14. Shots in the Box 
This variable was considered a performance indicator for all positions except 
the Goalkeeper in the clustering analysis. 
Table 29 - Number of players per position in the highest 10th, 25th and 50th of the in the box shots 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 0 13 31  103 Holding Midfield 5 6 40 
79 Centre Back 1 5 42  95 Striker 41 73 79 
87 Full Back 0 2 9  73 Wide Midfield 6 32 61 
46 Goalkeeper 0 0 0       
 
The position that shoots the most inside of the box is the Striker position (see 
Table 29), this was expected since this is the field area of this position. Figure 49 
indicates that for the Wide Midfield, the Striker, the Attacking Midfield and the 
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Centre Back positions, more than 50% of their players are over the median 
indicating that this is a very significant performance indicator. 
 
Figure 49 - Percentage of players per position in the highest 10th, 25th  and 50th  of the in the box 
shots variable 
2.15. Shots out of the Box 
The Cross Blocks variable, in the clustering analysis, was considered as a 
performance indicator for every position except for the Goalkeeper. 
Table 30 - Number of players per position in the highest 10th, 25th and 50th of the out of the box 
shots variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 12 24 37  103 Holding Midfield 11 30 64 
79 Centre Back 0 1 3  95 Striker 15 29 61 
87 Full Back 3 12 34  73 Wide Midfield 12 35 63 
46 Goalkeeper 0 0 0       
 
 
Figure 50 - Percentage of players per position in the highest 10th, 25th and 50th of the out of the 
box shots variable 
The Figure 50 and the values of the 50th percentile presented in Table 30 
clearly indicate that this attribute is a performance indicator of the Striker and 
the midfield positions (Holding, Attacking and Wide Midfield). 
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2.16. Tackles 
In the clustering analysis, the Tackles variable was considered a performance 
indicator for all positions. 
Table 31 - Number of players per position in the highest 10th, 25th and 50th of the tackle attempts 
variable 
Number of 
Total Players 
Positions 90% - 
100% 
75% -
100% 
50% -
100% 
 Number of 
Total Players 
Positions 90% - 
100% 
75% - 
100% 
50% - 
100% 
41 Attacking Midfield 5 9 26  103 Holding Midfield 23 49 89 
79 Centre Back 3 5 21  95 Striker 2 8 17 
87 Full Back 11 40 70  73 Wide Midfield 9 20 39 
46 Goalkeeper 0 0 0       
 
The Holding Midfield and the Full Back positions are the ones that have the 
most players in every quantile studied (see Table 31). This indicates that, for 
these positions, this attribute is a high importance-performance indicator. 
 
Figure 51 - Percentage of players per position in the highest 10th, 25th and 50th of the tackles 
variable 
Figure 51 shows that beside being a performance indicator for these 
positions, it is also for the Atacking and the Wide Midfield positions, which 
percentage of players over the median surpasses the 50%. 
2.17. Evaluation of the Quantile Analysis  
Table 32 presents the performance indicators of each position obtained 
through the quantile analysis.  
The quantile analysis not only confirmed the results of the clustering analysis 
but also helped to identify the most relevant indicators of each one of the 
positions. 
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Table 32 – Table of the technical performance indicators obtained through the quantile analysis  
 Goalkeeper Full Back Centre Back 
Holding 
Midfield 
Attacking 
Midfield 
Wide 
Midfield 
Striker 
High 
Relevance 
Long Passes 
Saves 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Dribbles 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Tackles 
Aerials 
Shot Blocks 
Cross Blocks 
Clearances 
Interceptions 
Short Passes 
Long Passes 
Head Shots 
Close Shots 
Aerials 
Shot Blocks 
Pass Blocks 
Clearances 
Interceptions 
Short Passes 
Long Passes 
Feet Shots 
Long Shots 
Tackles 
Pass Blocks 
Cross Blocks 
Dribbles 
Short Passes 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Pass Blocks 
Cross Blocks 
Dribbles 
Cross Passes 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Tackles 
Aerials 
Dribbles 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
 
Low 
Relevance 
Aerials 
Clearances 
Interceptions 
Short Passes 
Tackles  
Aerials 
Feet Shots 
Head Shots 
Close Shots 
Long Shots 
Pass Blocks 
Dribbles 
Cross Passes 
Feet Shots 
Long Shots 
Tackles 
Cross Blocks 
Dribbles 
Cross Passes 
Head Shots 
Close Shots 
 
Aerials 
Shot Blocks 
Clearances 
Interceptions 
Long Passes 
 
Aerials 
Shot Blocks 
Clearances 
Interceptions 
Short Passes 
Long Passes 
 
Shot Blocks 
Pass Blocks 
Cross Blocks 
Clearances 
Interceptions 
Short Passes 
Long Passes 
Cross Passes 
Tackles 
 
 
Figure 52 - Goalkeeper performance indicators 
 
Figure 53 - Full Back performance indicators 
 
Figure 54 - Centre Back performance indicators 
 
Figure 55 - Holding Midfielder performance indicators 
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Figure 56 - Attacking Midfield performance indicators 
 
Figure 57 - Wide Midfield performance indicators 
 
Figure 58 - Striker performance indicators 
 
The previous figures provide a more visual summary of the performance 
indicators of each position, which allows the visualization of the similarities 
between Figures 54 and 55 and, 56 and 57. 
For both this and the clustering analysis, the variable position should be 
better analysed since it can provide misleading results. For example, if a player 
that usually plays in the defense is categorized as one that plays in the midfield, 
it might give the wrong indication that a certain defensive action is performed 
largely in that position when it is not true. 
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3. Data Envelopment Analysis 
With the aim of aggregating all the technical performance indicators in a 
global performance indicator for each position, the DEA was computed. 
Through the DEA it is possible to measure the aggregated performance of each 
player, which is his distance to the frontier. 
The computation of the outputs-oriented VRS model was performed for each 
position with a convex structure and a radial distance measure. 
The number of Main Technical Performance Indicators that were identified 
through the analyses that are presented in the afore sub-chapters, was 16. The 
indicators were: Saves, Shot Blocks, Pass Blocks, Cross Blocks, Clearances, 
Dribbles, Interceptions, Short Passes, Long Passes, Cross Passes, Tackles, 
Aerials, Head Shots, Close Shots, Feet Shots and Long Shots. For this analysis, 7 
new datasets were created, one for each position. The players' values were not 
normalized, and they represented the total number of season actions. 
The following equations were used to calculate the positions outputs: 
Equation 4 – Saves Output 
 
Equation 5 - Shot Blocks Output 
 
 
 
 
 
 
 
 
Equation 6 - Pass Blocks Output 
 
Equation 7 - Cross Blocks Output 
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Equation 8 - Clearances Output 
 
Equation 9 - Dribbles Output 
 
 
 
 
 
 
 
 
Equation 10 - Interceptions Output 
 
Equation 11 - Short Passes Output 
 
 
 
 
 
 
 
 
Equation 12 - Long Passes Output 
 
Equation 13 - Cross Passes Output 
 
 
 
 
 
 
 
 
Equation 14 - Tackles Output 
 
Equation 15 - Aerials Output 
 
 
 
 
 
 
 
 
Equation 16 - Head Shots Output 
 
Equation 17 - Feet Shots Output 
 
 
 
 
 
 
 
 
Equation 18 - Close Shots Output 
 
Equation 19 - Long Shots Outputs 
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The first part of the equations gives a proportion of the well-executed actions 
and the second part normalizes the values to a ninety minutes game. The 
computation was performed with an input of 1. 
In the following sub-chapters, the DMUs that form frontier will be identified 
and a top and bottom 10 performers will be presented. 
3.1. Goalkeepers 
The outputs used to assess the aggregated of the Goalkeepers were Saves 
and Long Passes. For this position, there were 2 DMUs in the frontier, which 
were Porto’s José Sá and Estoril’s Thierry Graça. Benfica’s Paulo Lopes was 
considered an outlier. 
Table 33 identifies the top and bottom performers. 
Table 33 - Top and bottom 10 performers (Goalkeepers) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
José Sá Porto 92 100,00% 
Thierry Graça Estoril 90 100,00% 
Ricardo Janota Tondela 90 83,85% 
Vítor São Bento Nacional 114 62,03% 
Rui Vieira Rio Ave 167 47,81% 
Beto Sporting 270 35,48% 
Mika Boavista 270 31,29% 
Rui Sacramento Arouca 270 28,51% 
Mamadou Ba Boavista 90 22,45% 
Mickaël Meira Boavista 360 21,01% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Filipe Mendes Belenenses 1 0,00% 
Emanuel Novo Chaves 4 0,00% 
Georgi Makaridze Moreirense 2970 2,42% 
Cláudio Ramos Tondela 2970 2,44% 
Rafael Defendi Paços de Ferreira 2430 3,03% 
Douglas Guimarães 2700 3,08% 
Cássio Boavista 360 3,09% 
Rui Patrício Sporting 2790 3,11% 
Iker Casillas Porto 2970 3,15% 
José Moreira Estoril 2520 3,17% 
3.2. Full Backs 
For the Full Backs the outputs used were Shot, Pass and Cross Blocks, 
Clearances, Dribbles, Interceptions, Short, Long and Cross Passes and Tackles.  
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The frontier DMUs for this set were: Bruno Teles, Mica Pinto, Marcelo 
Hermes, Aidi Fulang Xisi, Francisco Afonso, Thiago Carleto, Ailton, Jefre 
Vargas, Pité and Alassane Tambe. The player Alex Pinto e Falaye Sacko were 
considered outliers. 
Table 34 presents the top and bottom 10 performers. 
Table 34 - Top and bottom 10 performers (Full Backs) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
Bruno Teles Rio Ave 69 100,00% 
Mica Pinto Belenenses 93 100,00% 
Marcelo Hermes Benfica 46 100,00% 
Aidi Fulang Xisi Boavista 88 100,00% 
Francisco Afonso Paços de Ferreira 179 100,00% 
Thiago Carleto Arouca 180 100,00% 
Ailton Estoril 1330 100,00% 
Jefre Vargas Arouca 90 100,00% 
Pité Tondela 478 100,00% 
Alassane Tambe Tondela 173 100,00% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Nemanja Petrovic Chaves 2 0,00% 
Bruno César Sporting 1995 32,43% 
André Geraldes Setúbal 1260 36,11% 
Pedro Coronas Marítimo 489 36,16% 
Jean Sony Alcenat Feirense 1359 38,48% 
Tiago Mesquita Boavista 1059 42,81% 
Pedro Rebocho Moreirense 2596 43,08% 
Jaílson Tondela 2160 43,69% 
Nelsinho Arouca 1440 43,99% 
Arnold Issoko Setúbal 1045 44,14% 
3.3. Centre Backs 
The outputs of the Centre Back position were: Aerials, Shot and Cross Blocks, 
Clearances, Interceptions, Short and Long Passes and, Head and Close Shots. 
Prince, Douglas Teixeira, Moreno, André Vilas Boas, Raúl Silva, Marcelo 
Oliveira, Yordan Osorio, Lisandro López, Nuno Henrique and Jardel were the 
frontier DMUs. João Basso, Branimir Kalaica and Bruno Wilson were 
considered outliers. 
In Table 35 the top and bottom performers are distinguished. 
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Table 35 - Top and bottom 10 performers (Centre Backs) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
Prince Guimarães 422 100,00% 
Douglas Teixeira Sporting 135 100,00% 
Moreno Guimarães 109 100,00% 
André Vilas Boas Rio Ave 90 100,00% 
Raúl Silva Marítimo 2595 100,00% 
Marcelo Oliveira Moreirense 715 100,00% 
Yordan Osorio Tondela 1208 100,00% 
Lisandro López Benfica 677 100,00% 
Nuno Henrique Boavista 904 100,00% 
Jardel  Benfica 91 95,90% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Paulo Monteiro Feirense 795 36,61% 
José Velázquez Arouca 1308 38,54% 
Edgar Ié Belenenses 988 38,79% 
Hugo Basto Arouca 1128 38,87% 
Rui Correia Nacional 2131 39,13% 
Gonçalo Brandão Estoril 1431 40,65% 
Nélson Monte Rio Ave 792 44,31% 
Pedro Pinto Setúbal 504 51,96% 
Luís Rocha Feirense 1518 52,95% 
Oumar Diakhité Estoril 1058 55,56% 
3.4. Holding Midfielders 
The outputs for this position were Aerials, Shot and Pass Blocks, Clearances, 
Interceptions, Short and Long Passes, Feet and Long Shots and Tackles. 
From the Holding Midfielders set, the frontier DMUs were: Sérgio Oliveira, 
Filipe Augusto, Pelé, Rúben Pinto, André Manuel Sousa, Luís Silva, Emin 
Makhmudov, André Pedrosa and João Jaquité. The players Bruno Paulista e 
Elias were considered outliers. 
The top and performers are shown in Table 36. 
3.5. Attacking Midfielders 
For this position, the outputs used were Pass and Cross Blocks, Dribbles, 
Short and Cross Passes, Feet, Head, Close and Long Shots and Tackles. 
Lazar Markovic, João Teixeira, André Leal, Franco Cervi, Fede Cartabia, 
Rafael Crivellaro, Wallyson Mallmann, Tomás Martínez and Modou Sougou 
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were the frontier DMUs. Adama Traoré and Rochinha were considered as 
outliers. 
Table 37 lists the bottom and top Attacking Midfiled performers.  
Table 36 - Top and bottom 10 performers (Holding Midfielders) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
Sérgio Oliveira Porto 20 100,00% 
Filipe Augusto Benfica 712 100,00% 
Pelé Feirense 10 100,00% 
Rúben Pinto Belenenses 166 100,00% 
André Manuel Sousa Paços de Ferreira 7 100,00% 
Luís Silva Belenenses 90 100,00% 
Emin Makhmudov Boavista 352 100,00% 
André Pedrosa Setúbal 40 100,00% 
João Jaquité Tondela 90 100,00% 
Rúben Neves Porto 626 99,92% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Dmytro Yarchuk Estoril 243 13,52% 
Adrián López Porto 150 19,27% 
Yacine Brahimi Porto 1416 20,74% 
João Gamboa Braga 594 21,49% 
Pedrinho Moreira Paços de Ferreira 2544 21,80% 
João Mário Sporting 90 24,42% 
Jota Nacional 697 24,82% 
Fábio Espinho Boavista 2496 25,52% 
Bryan Ruiz Sporting 2089 26,13% 
Costinha Setúbal 2794 28,55% 
 
Table 37 - Top and bottom 10 performers (Attacking Midfielders) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
Lazar Markovic Sporting 206 100,00% 
João Teixeira Porto 73 100,00% 
André Leal Paços de Ferreira 1034 100,00% 
Franco Cervi Benfica 1411 100,00% 
Fede Cartabia Braga 613 100,00% 
Rafael Crivellaro Arouca 1119 100,00% 
Wallyson Mallmann Moreirense 57 100,00% 
Tomás Martínez Braga 69 100,00% 
Modou Sougou Moreirense 666 100,00% 
Otávio  Porto 1292 92,10% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Bernard Mensah Guimarães 883 5,67% 
Jesús Corona Porto 1652 7,38% 
Bruno Braga Chaves 2588 7,39% 
Filip Krovinovic Rio Ave 1656 16,50% 
Murilo Tondela 751 18,53% 
André Sousa Belenenses 1943 21,00% 
Tozé Guimarães 283 21,97% 
João Novais Rio Ave 291 22,50% 
Alan Ruíz Sporting 1434 23,14% 
Rafa Benfica 1178 28,51% 
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3.6. Wide Midfielders 
For this position the outputs used were the same as for the Attacking 
Midfilders except for Short Passes, which was not a performance indicator. The 
DMUs in the frontier were: Kelvin, Xande Silva, Jorginho, Hugo Seco, Sami and 
Joel Campbell. The player Ary Papel was considered as one outlier. 
Table 38 distinguishes the top and bottom performers 
Table 38 - Top and bottom 10 performers (Wide Midfielders) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
Kelvin Porto 21 100,00% 
Xande Silva Guimarães 110 100,00% 
Jorginho Arouca 797 100,00% 
Hugo Seco Feirense 75 100,00% 
Sami Arouca 265 100,00% 
Joel Campbell Sporting 765 100,00% 
Douglas Coutinho Braga 23 91,31% 
Kuca Arouca 1040 85,17% 
Matheus Pereira Sporting 339 84,50% 
Bruno Xadas Braga 93 64,52% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Carlos Mané Sporting 11 0,00% 
Herve Tchami Feirense 14 0,00% 
Héldon Rio Ave 1988 3,42% 
Nuno Santos Setúbal 1635 4,30% 
Edgar Costa Marítimo 2057 4,48% 
Miguel Cardoso Tondela 2094 4,57% 
Salvador Agra Nacional 2534 4,99% 
Ricardo Gomes Nacional 1429 5,02% 
Ivo Rodrigues Paços de Ferreira 1629 5,02% 
Miguel Rosa Belenenses 1646 5,59% 
3.7. Strikers 
For Strikers, the outputs were Aerials, Dribbles and Head, Feet, Close and 
Long Shots. There were 5 players in the frontier: Tony Taylor Pedro Neto, Zé 
Gomes, Rui Pedro, Laurent Depoitre, Konstantin Bazelyuk and Donald Djousse. 
Wellington Carlos and Luka Jovic were considered as outliers.  
In Table 39 the top and the bottom performers are presented. 
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Table 39 - Top and bottom 10 performers (Strikers) 
10 Top Performers 
Name Team 
No. Minutes 
Played 
Distance 
Tony Taylor Paços de Ferreira 32 100,00% 
Pedro Neto Braga 47 100,00% 
Zé Gomes Benfica 21 100,00% 
Rui Pedro Porto 181 100,00% 
Laurent Depoitre Porto 245 100,00% 
Konstantin Bazelyuk Estoril 337 100,00% 
Donald Djousse Marítimo 502 100,00% 
William Tchuameni Feirense 104 98,08% 
Frédéric Maciel Moreirense 183 89,37% 
David Texeira Guimarães 922 89,09% 
10 Bottom Performers 
Name Team 
No. Minutes 
Played 
Distance 
Rui Areias Guimarães 11 0,01% 
Betinho Belenenses 61 0,01% 
Ernest Ohemeng Moreirense 23 0,01% 
David Mbala Boavista 59 0,01% 
Jaime Pinto Rio Ave 22 0,01% 
Bruno Mendes Guimarães 7 0,01% 
Carlos Daniel Marítimo 1 0,01% 
Gelson Dala Sporting 1 0,01% 
Iduitua David Feirense 16 0,01% 
Keirrison Arouca 4 0,01% 
3.8. Evaluation of the Data Envelopment Analysis 
From the previous sub-chapters, it was possible to understand that, except 
for the Striker position, the bottom performers played more minutes than the 
top performers. This might be explained by the fact that if a player has more 
playing time, the fatigue accumulated may influence the performance of his 
actions.  
This analysis still has some limitations, one of them being the fact that all the 
outputs have the same weight when, in fact, this is not true. For example, for 
the Goalkeepers, the long passes weight the same as saves and, perhaps, one of 
those should be considered more important.  
In the future, this analysis should consider implementing weight restrictions 
as DEA allows the DMUs to choose the weight system that benefits them the 
most. So, for instance, without the weight restrictions, a Goalkeeper might just 
consider the long passes and not weight the saves, if it benefits him.  
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Chapter 7 
Conclusions 
The present dissertation mainly intended to broaden the scope in the area of 
football analytics, more specifically in the performance analysis. By analysing 
technical data from real game situations and actions in the Portuguese Primeira 
Liga, this study provides analytical results to a subject that was only studied 
empirically before. 
In this study, a set of individual Technical Performace Indicators was defined 
for each position, introducing some new indicators not previously pondered in 
the literature. It also provides a level of relevance for each of the positions’ 
technical indicators. 
This dissertation confirmed, in an analytical perspective, some of the results 
of the Hughes, et al. (2012): 
-    The technical performance indicators for every position, except for the 
Goalkeeper, were the same; 
-    From position to position their level of relevance was different; 
-   Most of the performance indicators that were identified through the data 
were similar to the result from Hughes et al. (2012). 
Also, a measurement of the aggregated performance of the players of each 
position was performed using the previously defined indicators compiled in a 
single index. This last analysis was very simple and had some limitations, but it 
is our hope that it opens the way to more thorough approaches and analyses. 
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Overall, readers can benefit from this study as it not only discusses the 
Technical Performance Indicators of each of the football positions, but it can 
also be used to launch a further drive towards analytical decision-making 
processes in various areas of the football business as managementment, 
scouting and coaching. 
1. Limitations and Suggestions for further research 
One limitation of this study concerns the shortage of literature related to 
Technical Performance in football. There are few studies in the area, which is 
understandable because the data for the realization of these analyses is 
expensive and the football teams that already implemented analytical processes 
are not inclined to share their insights. 
Another limitation had to do with the data as some of the players were 
possibly categorized as of being of a certain position when they might belong to 
another. As the data used in this dissertation was OPTA's, their perspective of 
the players' positions was the one that was used. However, for future studies, it 
is advisable to do a comparison of the players' position from more than one 
source. 
There are also two limitations related to the game of football that undermine 
this study. Even though players might be considered as of being of the same 
position, objectives may differ from team to team according to the coach’s 
tactical target. A coach might want his players to be more offensive, leading 
them to perform more offensive actions or to play with a more defensive 
mindset, promoting the defensive actions, this will lead to two different sets of 
players of the same position. 
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Also, the fact that there is a significant difference between teams in relation 
to the level of skill of its players may lead certain positions to need or not to 
perform certain actions in excess. 
The development of this dissertation proposes a deepening of the knowledge 
associated with football performance analysis, and, as such, a few suggestions 
emerge that might prove useful for future researches. 
In the future, it would be interesting to reproduce the same study in different 
countries championships to understand if there is a difference between the 
relevance of the Technical Performance Indicators across countries. Also, as it is 
expected for the style of play (offensive or defensive) and the approach to the 
game (possession or counter-attack) to have significant effects on the results of 
the research, it would be interesting to focus a study on teams that have similar 
tactical choices and players of the same skill level. 
Additionally, a suggestion for a further research would be, measuring the 
aggregated performance of the players, but implementing weight restrictions in 
the outputs. 
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